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SUMMARY 
This research thesis describes an investigation into the grading 
inspection of apples with particular reference to the decision-making 
component of the inspection task. 
The research commences with an evaluation, conducted across seven 
grading packhouses in the United Kingdom, of the correctness and 
consistency with which examiners judge and classify fruit in accordance 
with the European Economic Community Standards and attempts to broadly 
answer two questions: 
i) How well do human inspectors of apples perform under optimum 
conditions (the decision task with trivial search) 
ii) How well do human inspectors of apples perform under actual 
'on-line' conditions (the decision task with active search). 
Subsequent analysis identifies those factors contributing to poor 
decision-making performance, of which four are the subject of further 
investigation. These are inspector training, selection of inspectors, 
the deployment of inspectors, and the method of presentation of fruit. 
Subsequently a programme of training is developed and subjected to 
field trials; five tests of selection are evaluated for predictive 
ability; a comparison is made between examiners deployed singly, in 
pairs and in threes at the inspection table while throughput per 
examiner deployed is held constant; and finally, a comparison is made 
between inspecting continuous conveyor belt displays and batched 
displays. 
Grading errors under optimum conditions at packhouses were found 
to range from 25 - 40%, while for the on-line task from 20 - 60%. 
Little evidence of consistency or consensus was found. A short period 
of training produced improvements in grading under optimum conditions 
for both naive and experienced subjeots but did not effect a 'transfer' 
to the on-line task. 
A simplified version of the on-line task and Witkin's Embedded 
Figures Test proved significant (p < 0.05 and p < 0.01 respectively) 
predictors of grading performance. The deployment of examiners in 
groups and the presentation of fruit in stationary batched displays did 
not effect an overall improvement in grading. 
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PREFACE 
I BACKGROUND 
The work reported in this thesis represents the third and final 
part of a trilogy of research studies conducted within the Department 
of Human Sciences, Loughborough University by postgraduate research 
students between August 1982 and March 1984, on behalf of the Ministry 
of Agriculture, Fisheries and Food (M.A.F.F.). 
The programme of research was prompted by the difficulties 
encountered in recent years by the British apple industry and the 
following extract from Hansard (20 January 1980) illustrates the nature 
of these difficulties and the concern held by the-M.A.F.F. 
"My Hon. Friend referred to grading and 
marketing standards. My right hon. friend and I 
attach enormous importance to improved grading and 
better marketing of horticultural produce 
generally •••• There is no doubt that grading is an 
essential part of marketing. If properly carried 
out there is rio doubt that it can result in 
improved returns for growers. The French achieve 
an almost 100% standard of grading. The produce 
appears at Covent Gar,den and the retailers buy 
Golden Delicious apples. They know that by doing 
so they will obtain a product that is standard and 
correct. They know that if they buy another type 
of apple they will not get that quality. In those 
circumstances it is inevitable that one type of 
apple will be given preference. Grading is vital 
if we are to improve our marketing." 
- Mr. A. Buchanan-Smith, Minister of State. 
As a consequence, a programme of research into current methods of 
picking and grading apples was deemed necessary, and in response, an 
evaluation and set of research proposals was submitted by M.A. Sinclair 
(1981) and accepted by the Ministry of Agriculture, Fisheries and Food, 
in 1982. An extract from the proposal document is included in Appendix 
I which sets the quality problems in a wider context to explain why the 
proposals concentrate on quality at the expense of other 
considerations. 
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In summary, Sinclair argues that the benefits to arise from 
firstly the reduction of handling damage and secondly the level of 
grading error for the industry in both the short-term and importantly 
the longer term, are likely to outweigh other approaches such as a 
simple cost-reduction exercise or the longer-term implementation of 
automated cropping and grading. 
Three studies were undertaken, funded by M.A.F.F. (Contract 
Reference CSA 660) - one to examine methods of picking apples, (Davies, 
1985), a second to examine the grading process with particular 
reference to the visual search aspects of inspection, (Hillen, 1985), 
and a third to examine the grading process with particular reference to 
the decision-making component of inspection grading. 
The latter study is the subject of this thesis. 
11 QUALITY CONTROL AND INSPECTION ERROR 
Quality control has been defined as a "system for verification and 
maintenance of a desired level of quality in a product or process" 
(Halpern, 1978). Inspection is a fundamental part of this system 
required both to ensure conformance and to provide quality feedback. 
The majority of inspection tasks are still undertaken by humans, 
although recent advances in computer software suggest that automated 
inspection may become less constrained by its poor decision-making 
capabilities. Table 0.1 (reprinted from Sinclair, 1978) shows, for a 
range of industries and products, the extent of errors reported from 
studies of human inspectors over the past 40 years. 
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---------------------------------------------------------------------------------
Type of item 
Rubber seals 
Rubber seals 
Soldered electrical joints 
Panels for T.V. sets 
Printed circuit boards 
Printed circuit boards 
Printed circuit boards 
Integrated circuits 
Glass products 
Glass products 
Tinplate sheets 
Flat steel plates 
Piston rings 
Machine parts 
Machine parts 
Metal fasteners 
Screws 
Coins 
Textiles 
Knitwear 
Acoustic tiles 
Bakery products 
Poultry products 
Dental radiographs 
Chest radiographs 
Test or 
normal 
conditions 
Normal 
Normal 
Test 
Test 
Test 
Test 
Test 
Test 
Test 
Normal 
Test 
Test 
Test 
Test 
Test 
Normal 
Test 
Normal 
Test 
Normal 
Test 
Test 
Normal 
Test 
Test 
Percent-
age of 
defects 
detected 
47 
92 
83 
91 
68 
30-85 
90 
77 
91 
80-90 
59-96 
60 
67 
56-68 
75 
81 
79-89 
55 
70 
46 
78 
63 
56-71 
85 
68 
Percentage 
of good 
items 
rejected 
? 
3 
? 
11 
? 
? 
3 
2 
10 
4-8 
? 
? 
? 
? 
6 
? 
1 
? 
o 
5 
3 
o 
41 
2 
Source 
Fox & Embrey (1972: 
Astley & Fox (1975: 
Jacobson (1952) 
Kelley (1955) 
Harris & Chaney 
( 1969: 
11 11 
Carroll (1969) 
Schoonard et al. 
(1973: 
Gillies (1975) 
Drury & Addison 
(f973: 
Tiffin & Rogers 
(1941 
Moraal (1974) 
Hayes (1950) 
Kennedy (1957) 
Sheehan & Drury 
( 1971 : 
Fox & Embrey (1972: 
Fox & Haslegrave 
(1969 : 
Fox (1977) 
Feinstein (1970) 
Mills & Sinclair 
(1976 : 
Carter (1957) 
Chapman & Sinclair 
( 1975: 
Chapman & Sinclair 
(1975 
Goldstein & Mobley 
(1971 
Garland (1950) 
TABLE 0.1 Some examples of inspection performance in industry. 
(Reprinted from Sinclair, 1978) 
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Clearly, the concept of the 'perfect human inspector' fundamental 
to established statistical quality control schemes is not a true 
reflection of the practical reality of many (if not all) quality 
inspeotion systems. Human inspectors are error-prone and such errors 
may be said to be of two types - errors of search and errors of 
decision-making. 
Figure 0.1 illustrates four stages of an inspection process 
(Sinclair, 1978) - search, detect, classify and reject/accept and lists 
the various factors impinging upon each stage that contribute to search 
or decision errors. 
Certain search factors affect the inspectors lobe size (see 
Glossary), such as illumination, contrast, target size, embeddedness, 
background and visual acuity while others affect the inspectors search 
strategy, such as the structure of the inspected item, number of fault 
types, the degree of pacing etc. 
Decision errors may arise from those factors affecting the 
discriminability of a fault such as the fault criteria, the difference 
between a fault and its standard, training and fatigue. Some may arise 
from the choice of criteria such as the a priori fault probabilities, 
decision costs and other vigilance effects, while others are of a 
socio-technical nature such as motivation, group pressure, and 
perceived importance inter alia. 
III QUALITY GRADING 
Grading inspection, broadly speaking, involves sorting and 
physically separating items with different characteristics. 
The first essential of any grading scheme is a classification 
system by which items are put into categories. Sometimes items are 
judged by one attribute, sometimes by several, sometimes by the 
relationship between levels of the different attributes. 
Illumination 
Contrast 
Texture 
Subtended angle 
Resolution 
Target size 
Embeddedness 
Pacing 
Cues 
Movement of visual 
field 
Attention 
Structure 
Fault criteria 
A priori fault 
probabilities 
Decision costs 
Number of fault 
categories 
Interpersonal relations 
Perceived importance 
Group pressures 
Training 
Fatigue 
12 
Characteristics of 
the visual field 
Characteristics of 
visual search 
Decision process 
Sociotechnical 
factors 
SEARCH THE 
APPOSITE 
VISUAL FIELD 
DETECT A FLAW 
OR UNUSUAL 
PHENOMENON 
RECOGNITION/ 
CLASSIFICATION 
OF FLAW 
REJECT OR 
ACCEPT 
DECISION 
Figure 0.1 Stages of inspection process 
(Reprinted from Sinclair, 1978) 
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It is clear, therefore, that the decision-making component of a 
grading inspection task is invariably more complex (and hence 
error-prone) than a simple 'good-bad' dichotomous inspection task. By 
implication the more comprehensive the classification scheme, the 
greater the 'cognitive load' on the inspector-grader. In this, not 
only do graders have to acquire a robust knowledge of the 
classification scheme, they have to guard against drifts in this 
'internal' standard. 
Where boundaries between different classes are ill-defined, and 
where graders are required to make fairly rapid decisions of a 
subjective, judgemental nature, on many variables at once, there will 
be ample opportunity for slippage. 
Examples of such inspection grading errors, where the decision 
task predominates and search is trivial, are to be found in the 
literature. 
Binns and Burt (1922), for example, compared the performance of 
textile experts grading wool. They found that in judging six samples 
of cloth on five separate occasions, one expert produced an average 
correlation between trials of 0.97, while the average correlation was 
only -0.19. Lang (1947) also found serious inconsistency between 
'expert' wool graders at a marketing centre in Australia. 
More pertinently, Meadows, Lovibond and John (1959) examined the 
problem in a canning factory grading freestone peaches into three 
categories: ripe, firm-ripe and green. Large individual differences 
in the consistency of sorting peaches were found and the agreement 
between two judges who were consistent (i.e. 85% and 78%) was low (only 
24% of the fruit was graded the same by the two best inspectors on four 
occasions). 
A brief training session (with an agreed standard) improved the 
consistency of judgements although there was still considerable 
differences between subjects in terms of correct grading. 
14 
Even where those responsible for grading have a high degree of 
skill and experience, considerable differences are still to be found. 
For example, several studies of examination grading by college 
lecturers have found correlations to be as low as 0.53 (Hartog and 
Rhodes, 1936). 
It is evident from studies by Gould and earn (1973) and Meudell 
(1972) among others that a substantial memory component exists for 
inspection-type tasks involving both short and long-term memory and 
limitations due to these seem to come into effect once the number of 
(inspection) factors exceeds a fairly small number. 
In the case of quality grading, inspectors are expected to cope 
with a large number of factors such as fault types, categories, a 
priori probabilities etc and in view of this, it would seem reasonable 
to assume that the memory capabilities of inspectors are likely to be 
exceeded, and further, that differences between subjects in these 
capabilities may partly account for differences in grading performance. 
This has led Gallwey (1982) to propose that: 
"once all the externals to the inspector have been rendered 
satisfactory the limiting factor will be memory and other cognitive 
factors". 
He goes on to recommend greater emphasis on the cognitive/decision-
making component of inspection to fulfill Schoonard and Gould's (1973) 
earlier call for: 
"a cognitive theory of visual inspection, based upon fundamental 
experimental evidence, that will lead to an understanding of how people 
do inspection". 
A seminal contribution to such a theory has been made by Shiffrin 
and Schneider (1977) who propose two modes of information processing: 
automatic and controlled, as they apply to detection, search and 
attention phenomena. While controlled processing is akin to the 
descriptions of information processing found in the above studies, 
(1.e. "the temporary activation of a sequence of elements that can be 
set up quickly and easily but requires attention, is capacity-limited, 
serial in nature and is controlled by the subject"), automatic 
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processing proposes that "where the task is well-learned following 
consistent mappings of stimuli to responses over trials, the activation 
of a learned sequence of elements in long-term memory will be initiated 
by appropriate inputs and processing will occur without subject 
control, without stressing the capacity limitations of the system and 
without necessarily demanding attention." 
The implication is that experienced inspectors may not necessarily 
be constrained by short-term memory limitations although this has not 
been the subject of applied research. Thus, whether "most inspection 
tasks go well beyond the abilities of human inspectors" is not certain, 
but the cognitive load of grading inspection, and more particularly 
apple grading would suggest that even the 'best' inspector may be 
working to the limits of his/her ability. 
IV APPLE GRADING 
Little is known about the performance of individuals grading 
apples. The majority of research conducted in this area has been 
undertaken by agricultural engineers concentrating upon improvements in 
grading machine design such as semi-automation (Lawton and Holt 1975; 
Gale and Holt, 1977), full automation (Rehkugler and Throop, 1974) and 
lighting (Fletcher, 1980). The narrow approach of these studies to the 
problems of grading apples may be traced to the presence of strong 
commercial pressures evident from Gale and Holt's report: 
"The general opinion was that high output per worker was more 
important than improved accuracy and a competitive price for a 
commercial version (of the grader machine) was essential." 
Malcolm and De Garmo (1952) and later Stevens and Gale (1969) have 
attempted to derive optimum rates of throughput, rotation and number of 
grading lanes, (what Gallwey calls the "externals" above), with greater 
emphasis on the minimisation of grading errors, but it is only a minor, 
subsidiary study in the latter work that acknowledges the importance of 
individual decision-making capabilities to grading performance, and 
ERROR 'l6 
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attempts to assess the consistency with which experienced packhouse 
inspectors grade apples under ideal conditions (i.e. trivial search, 
unpaced) • 
For 20 examiners inspecting 70 apples each, they found that 
between 20% and 40% of the apples were incorrectly classified. (Fig. 
0.2) This was assuming that the grade selected by the majority of 
examiners was the correct one, which obviously constrains the extent of 
errors. 
60 ,... 
40 ,.. 
20 -
o~----~--~--~---L---L--~----
o 1 2 3 cull 
Fig. 0.2 Mistakes made in grading each class by hand 
(Stevens and Gale, 1969) 
CLASS OF APPLE 
The differences between individuals were marked, in that at the 
same packhouse one operator classified less than 20% of the fruit 
incorrectly, whereas another was wrong approximately 35% of the time in 
most grades but in one grade (Class 3) was nearly 90% wrong. Most of 
the mistakes were only one category out, although some were two or even 
three categories adrift. 
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ERROR" 
downgraded upgraded 
by one class 
by two 
by three 
Fig. 0.3 Extent of Errors in Grading (Stevens and Gale, 1969) 
The authors attribute much of this inconsistency to poorly defined 
grade boundaries, and the number of factors to be taken into account 
(e.g. colouring, bruising, shape etc), as well as the paucity of 
training and selection of examiners. However, these were not 
considered further. It should be noted only twenty subjects at three 
packhouses were involved in this study. 
In a paper given to the Institute of Agricultural Engineers in 
1970, Stevens emphasised the need for higher quality produce in 
anticipation of increasing market demand for apples and called for: 
1) Improved working conditions 
2) Improved machine design 
3) Operator training and selection. 
While some attention has been paid (as previously mentioned), to 
1) and 2) there has been no attempt to follow up 3) nor to consider 
further the decision-making capabilities of examiners and the effects 
of the quality standards on this. 
S1nce Stevens and Gale's study, Britain has entered the European 
Economic Community, and apples produced since 1972 have been subject to 
the European Standard for fresh apples. This has served to impose a 
more rigorous set of requirements upon the quality grading of apples in 
line with other Community members. 
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The most significant change, in regard to Stevens and Gale's work, 
has been the reduction in the number of grade categories from five to 
three (although, as explained later, some packhouses have introduced a 
fourth category). In addition, the written quality standard has become 
more comprehensive and (allegedly) easier to interpret. 
In the light of this one might expect an automatic improvement in 
grading since 1972, with fewer opportunities for inspector error. 
Notwithstanding this, the problem of badly graded apples has persisted, 
as witnessed by Horticultural Inspectors at the marketplace (if not the 
general publio) and evidenced, to some extent, by the inroads made by 
imported apples during the past 13 years. 
For these reasons, a more comprehensive evaluation of inspector 
decision-making performance employing the new European quality 
standards was deemed necessary, thereby updating and augmenting the 
work of Stevens and Gale, and forming a complement to the investigation 
of search performance being simultaneously conducted by Hillen (1985). 
This, it was hoped, would permit an overall evaluation of grading task 
performance thereby identifying the need for and content of a series of 
remedies such as training, selection, standards etc. 
The subsequent investigation and development of such remedies 
depended not purely upon the relative benefits of the available 
alternatives but also upon the time and resources made available by 
research sponsors. Thus a degree of economic reality and commercial 
applicability underpins these subsequent investigations. Bearing in 
mind the small unit margins to which the industry operates, the 
precarious, seasonal fluctuations in profitability coupled with a 
traditional resistance to innovation and suspicion of new ideas, this 
practicality would seem both understandable and reasonable. 
~ 
Inspectors and Examiners 
For the purposes of this study, and in line with M.A.F.F. 
parlance, those staff undertaking grading duties will henceforth be 
described as examiners. The reader is referred to the Glossary at the 
back where unfamiliar terms are used. 
, 
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1.1 INITIAL FIELD RESEARCH OBJECTIVES 
To provide an assessment of current apple grading performance, 
a programme of fieldwork was devised and undertaken during 
February/March 1983. 
Effectively, two specific sets of data were sought. Firstly, 
data relating to the interpretation and application of prevailing EEC 
standards for fresh apples (with particular emphasis upon the Cox 
variety) by individual packhouse operations offline, thereby developing 
an overall picture of the standards being employed, which in turn would 
permit (if necessary) the evaluation of relevant training needs and the 
development of appropriate schemes to facilitate the consistent 
application of standards. 
Secondly, data relating to the online grading performance of 
each packhouse and to consider this performance against a background of 
task parameters such as the number of examiners deployed per line, the 
throughput rate per line, the density of flow across the inspection 
table, the structure and ratio of grades making up these flows, and the 
levels of supervision and training, inter alia. 
Such data would allow the systematic examination of prevailing 
throughput rates and grading strategies compared with grading task 
performance and provide a basis for identifying areas of further work 
concerning grading strategy. 
1.2 LOGICAL STRUCTURE OF CHAPTER 
The chapter commences with a description of the industry under 
investigation, the quality standards fundamental to the grading task 
and the task itself. This is followed by an outline of the 
researcher's training, since this is of importance in creating the 
samples used in the studies reported, and in their interpretation. A 
description of the packhouses that were visited in the studies is then 
given, emphasising the differences between them, and the different 
methods used within them. There then follows a description of the four 
methods of assessment used in attempting to answer two broad questions: 
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1. How well do online examiners perform when given near 
optimal conditions off the grading line, (the decision task 
with trivial search)? 
2. How well do online examiners perform online, (the decision 
task with active search and pacing)? 
The first question is intended to give an idea of what is the upper 
bound to the performance that can currently be expected; the second is 
intended to show how much of a shortfall there is at the present time, 
and the scope for improvement. 
The chapter concludes with a comprehensive task analysis where 
conclusions are drawn as a logical basis for further studies reported 
in subsequent chapters. 
1.3 A DESCRIPTION OF THE GRADING INDUSTRY, QUALITY STANDARDS AND 
GRADING TASK 
1.3.1 THE GRADING INDUSTRY 
Currently, English apples are cropped predominantly during the 
months of August and September and, with the exception of those for 
immediate sale, are stored in bulk bins within gas-sealed cold stores 
prior to grading in response to market demands. The majority of apples 
will have been graded and sold by the end of April the succeeding year. 
Grading of apples generally takes place within an apple packhouse 
which may be part of the farm operation or, alternatively, function 
independently, offering storage and grading facilities to a number of 
growers. (An exception to this is the very small grower who may pick 
and grade fruit simultaneously in the field for early sale). 
Apples to be graded are loaded onto grading conveyor lines by 
either hydraulic tipping or by water flotation. They are then passed 
in front of one or more examiners (graders) whilst rotated on a 'float 
roll' inspection table (Diagram 1.land 1.2) illuminated by suitable 
lighting. At this point, one or more examiners sort the apples into 
grades in accordance with EEC Standards (below) and place each grade of 
apple in its respective lane prior to automatic sizing and then 
packing. 
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Diag . 1 . 1 Float Roll I nspection Table 
-----
I ClasslIFrui t 
~~==~~=-----~~ 6tia 
I Class I Fruit 
Diag . 1.2 Grading Line Layout 
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1.3.2 THE EEC GRADING STANDARDS 
The standards are laid down in EEC Regulations 1641/71. The MAFF 
document, 'EEC standards for fresh apples and pears' is given in 
Appendix H. 
Paragraph I (not in Appendix) of the standards provides a useful 
'catch-all' as a starting point for an analysis of the standards as 
they apply to fresh apples: 
"The application of these standards should have the effect of 
keeping products of unsatisfactory quality off the market, guiding 
production to meet consumers' requirements." 
Table 1.1 outlines the general requirements of the standards in 
terms of the grading task. (It should be noted that the EEC Standard 
makes reference only to broad groupings of defect such as blemishing 
and does not distinguish individual blemish types.) 
Generally speaking, all fruit must be whole, sound, clean, mature, 
free from moisture, foreign smell or taste, and capable of transport 
and handling without damage. More specifically, apples that are 
blemished are graded by virtue of the size of blemish and its 
progressiveness. Colour and russeting are determined by the proportion 
of surface area covered and perspicuity of redness, and shape by the 
extent of deformation. 
Table 1.2 itemises the more recurrent and familiar types of 
individual defect confronting the examiner, and the criterion by which 
each is adjudged. The low incidence (or orchard-specific incidence) of 
many of these individual defects permits the categorisation of apple 
defects into five major groups: Blemishing, Bruising, Colour, Shape 
and Other. 
TABLE 1.1 
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Relationship between the general categories of the EEC 
standard and the incidence of defects in the grading task. 
Defects 
Bruising 
Rubs 
Colour 
Shape 
Russeting 
Cracks 
Cuts/puncts/holes 
Speckle' 
Stalk 
Maturity 
Cleanliness 
Moisture 
Skin finish 
Incidence 
High 
Medium 
Low 
Grouping 
Bruise 
Blemish 
Colour 
Shape 
Other 
Other 
Other 
Other 
Other 
Other 
Other 
Other 
Other 
The EEC Standards refer to a minimum requirement for four 
marketable grade classes of apple - Extra Class, Class I, Class II and 
Class III. However, in practice, only two classes are currently in 
use, namely Class I and Class II. This is complicated by some 
marketing co-operatives who have devised their own interpretation of 
the EEC Standard with the aim of applying a 'higher than minimum' 
standard. For example, one group grades for three classes of apple 
- Class I, Upper Class II, and Lower Class II, the latter two 
purportedly corresponding to Class II of the EEC Standard. Closer 
examination reveals that the criterion for blemishing for the lower 
Class II corresponds to that for the EEC Class III, which seems to 
broaden the judgement compcnent of the apple examiners' task. This is 
considered later. 
TABLE 1.2 Relationship between familiar types of defects, and the criteria by which they are judged. 
Criteria in EEC standards 
Surface Surface Progress- Char. of Offset Presence Aesthetic Wrinkling Luminance 
area area iveness variety appearance 
Defect (sq.mm.) (% ) (mm) 
Bruising * * 
Rubs * * 
Colour * * * 
Shape * * 
Russeting * * * 
Cracking * * N ---l 
Cuts/puncts/holes * * 
Speckles * 
Stalk * 
Maturity * * 
Cleanliness * * 
Moisture * * 
Skin finish * * 
1.3.3 GRADING TASK 
Essentially, the examiner's task divides into three parts. In the 
first part the examiner has to learn what types of apple defect to look 
for (blemish, colour, shape, etc.), what these defects look like, and 
what is acceptable and rejectable for each. In the second part the 
examiner has to search for such defects, and having found any, make 
judgements about them. This is illustrated in Fig. 1.1. In the third 
part, the examiner keeps a mental record of the defect characteristics 
of the flow of apples, in order to adjust his or her behaviour to match 
the incoming flow of apples. 
I APPLES FOR INSPECTION 1 
INPUT QUALITY CLASS I APPLES I CLASS 11 AND REJECT APPLES I 
SEARCH 
DETECTION SEARCH FAILS SEARCH FINDS SEARCH FAILS SEARCH FINDS 
TO FIND FLAW FLAW TO FIND FLAW FLAW 
BLEMISH BLEMISH 
COLOUR COLOUR 
JUDGEMENT SHAPE SHAPE 
OTHER OTHER 
I I 
I I I 
FLAW FLAW FLAW FLAW FLAW 
CLASS CLASS 
-
CLASS CLASS CLASS 
I IIR I II R 
I I 
ACTION PLACE IN GRADE I PLACE IN PLACE IN 
LANE GRADE II LANE GRADE REJECT 
Figure 1.1 Grading Task Network 
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Important in this task is some appreciation of 'costs' or 
'penalties' of misclassifying apples, which impart an important 
weighting to the defect classes. Table 1.3 presents an error taxonomy 
for the examination task showing both cause and effect. Unfortunately, 
at the present time such information is incomplete. It is possible to 
make estimations of downgrading errors (e.g. Class I apple in Class 11) 
because of the loss of profits. However, the costs of upgrading errors 
are much more difficult to assess. Furthermore, whether or not such 
costs, based on wholesale price alone, have any relationship to 
consumer preferences is not known. 
TABLE 1.3 Error "Taxonomy 
ERROR 
1. SEARCH 
Inexhaustive 
Search 
2. DETECTION 
Failure to 
Detect 
Detect noise 
as signal 
3. JUDGEMENT 
Downgradeable 
defect found 
acceptable or 
upgradeable 
defect found 
rejectable 
EFFECT 
Miss Defect 
Apples 
Miss Defect 
Apples 
False 
Alarms 
Miss 
False Alarm 
4. OUTPUT DECISION 
Error in 
rating 
Item enters 
wrong packing 
area 
CAUSE 
1. Insufficient Viewing time 
2. Inappropriate standards 
1. Poor visual skills 
2. Low fault conspicuity 
1. Vigilance 
2. Inappropriate 'set' 
a) Fault 
b) Response bias 
1. Misapplication of 
Standards 
1. Poor job knowledge 
2. Line design 
PENALTY 
Upgraded apple. 
Le. Class 11 ' 
Reject in Clas. 
As above 
Downgraded app 
Le. Class I i 
Class II or R 
Upgrading of 
Class 11 and 
Reject 
Downgrading of 
Class I or 
Class II 
Incorrect grad 
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1.4 EDUCATION OF THE RESEARCHER 
In order to familiarise himself with the interpretation and 
application of the EEC standards, the researcher underwent a period of 
instruction at the Training Centre of the Horticultural Marketing 
Inspectorate in London, as well as reading much of the relevant 
literature. A further period of time was spent applying this knowledge 
in the practical environment of a Ministry packhouse, both performing 
the grading task and carrying out assessments on examiners. 
The purpose of this was to ensure that when 'representative' 
samples were drawn, and when the researcher was required to make 
judgements of his own, personal bias due to ignorance or misinformation 
would be minimised. 
1.5 APPLE GRADING PACKHOUSES 
Seven packhouses were selected, with the guidance of M.A.F.F., to 
represent a wide range of grading operations (Table 1.4). Packhouses 
were chosen principally in terms of 
i) Scale of operation 
ii) Geographical location 
iii) Type of grading line 
iv) Grading standards employed. 
Scale of operation varied from over one quarter of a million 
apples throughput per day to less than 50,000 per day. Four packhouses 
were sited in the main apple growing region of Kent, one in 
Oxfordshire, one in Worcestershire and one in Nottinghamshire. 
line types varied, (Appendix III) including flotation and 'dry' 
Grading 
tip 
line loading, segmented and single grading tables, electronic and bar 
sizing, manual and automatic packing (for an explanation of these terms 
see Glossary). Four of the seven packhouses were affiliated to a 
marketing co-operative organisation, the others operating 
independently. 
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TABLE 1.4 Brief description of packhouse lines in survey 
Packhouse Location Method of Grading line 
Loading Inspection Sizing Packing 
----------------------------------------------------------------------
1 Ox'shire Box hand tip Rollerbelt Wheel Cellpack 
2 Kent Flotation " Bar It 
3 Kent Dry tipper " Weight " 4 Kent Flotation 
" 
Bar 
" 5 Kent Flotation It Bar 
" 6 Worcs Flotation 
" 
Weight " 
7 Notts Dry tipper " V belt " 
Packhouse Standard Number of grading Examiners at 
used tables on line each table 
1 EEC 1 1 
2 Co-op 1 3 
3 Co-op 2 3 
4 EEC 1 1 
5 Co-op 2 2 
6 Co-op 2 7 
7 Kingdom 1 1 
Packhouse Average throughput 
per table per day 
Average throughput 
per table per min 
worked 
Average throughput 
per table per min. 
worked per examiner 
1 
2 58000 114 57 
3 58000 143 48 
4 47000 112 112 
5 55000 147 74 
6 140000 333 48 
7 56000 162 162 
N.B. At Packhouse 7 six packers performed a secondary examination role 
different to that at the other packhouses. 
The numbering of packhouses is retained throughout. In Chapters 
2-4, an additional packhouse numbered 8 is included. 
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1.6 SUBJECTS 
A total of 52 packhouse employees were involved in this assessment. 
They were predominantly female, with ages ranging from 17 to 63, and 
experience of grading from 1 to 20 seasons. All subjects had at least 
a rudimentary knowledge of the standards for fresh apples and were 
engaged in some form of grading, whether at the grading table or the 
packing table. 
1.7 METHODS OF ASSESSMENT 
Four methods were used, as listed in 1.7.1-4. The purpose in using 
these methods is outlined below, and application of the method is 
discussed in 1.8.1-4 below. 
1.7.1 GRADING PERFORMANCE 'OFF-LINE' 
Primarily to assess individual examiners' knowledge and consistency 
in grading apples under optimum conditions, off the grading line and to 
measure the degree of consensus between examiners at the same packhouse 
in applying grades to the same batch of apples. 
1.7.2 GRADING PERFORMANCE 'ON-LINE' 
To assess the general level of 'on-line' grading performance for 
each particular packhouse grading line, by sampling apples from the 
line following grading. 
1.7.3 REPERTORY GRID TECHNIQUE 
To assess the more qualitative aspects of decision-making 
performance and to provide some insight into examiners' understanding 
of the quality standards i.e. the manner in which apples are perceived 
to be of good or bad quality and the importance of individual apple 
features in influencing grading judgements. 
1.7.4 INTERVIEW, QUESTIONNAIRE AND FILM RECORDING 
To canvass subjective opinions in regard to such topics as the 
quality standards and their maintenance, specific problems of grading, 
the availability of training and other factors impinging upon the 
33 
grading task. In addition, film material would permit the recording of 
point throughputs, apple translation and quality, staff deployment and 
other workplace factors not immediately obvious. 
1.8 GRADING PERFORMANCE OFF-LINE 
1.8.1 METHOD 
In order to assess examiners knowledge, consistency and consensus 
in applying the quality standards without the constraints of the 
on-line task, a test was devised which involved obtaining a small 
sample of Cox apples (either ten or twenty) from the bins at each 
packhouse and presenting them to each examiner in turn for grading, 
away from the line, in good light and without time limit. 
Apples were selected to provide a representative range of defects, 
and apples bordering class boundaries were avoided. Because of 
problems of perishability and portability, a different set of apples 
was selected at each of the seven packhouses visited. 
1.8.2 PROCEDURE 
Ten (Packhouses 1-3) or twenty (Packhouses 4-7) apples were 
selected from bins currently being graded, and were randomly numbered. 
The apples were displayed on a cushioned surface in a room (usually the 
packhouse office or canteen) away from the grading line, and additional 
lighting was installed. 
Each subject received a brief introduction and a reassurance about 
the aims and nature of the work. Each was then required to grade 
either ten or twenty Cox apples without time limit, and was permitted 
to handle each apple, albeit carefully. At Packhouses 4-7 only, all 
twenty-eight subjects were required to re-grade the twenty apples again 
following a ten minute interlude. 
1.8.3 PROBLEMS OF PERFORMANCE ASSESSMENT 
The problems discussed below are those common to packhouses in 
general; problems specific to individual packhouses are not discussed 
here. 
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1.8.3.1 THE 'CORRECT' GRADE FOR APPLES 
Judgements about the performance of examiners clearly presume that 
the samples of apples used in the following studies are correctly 
graded. Equally clearly, there is no consensually objective method for 
establishing the correct grade, and recourse has to be made to human 
judgement. For the off-line study, several different sources of 
judgement were used; the 'modal' grade, the line supervisor's grade, 
the researcher's grade, and in one case a co-operative inspector's 
grade. These are discussed later. 
1.8.3.2 MARGINAL APPLES 
Had the samples used in the studies included apples which were on 
the borderline between two classes, these could have induced poor 
performance measures because of genuinely difficult decisions, both for 
the researchers and the examiners. Borderline apples were therefore 
excluded as far as possible. Consequently, wrong decisions in the data 
could be attributed to poor performance by the examiners. 
1.8.3.3 EXPERIMENTAL DAMAGE 
Since the apples were being handled a number of times by each 
examiner, there were clear opportunities for the apples to sustain 
additional damage. This was controlled as far as possible by regular 
checks on the apples during and at the end of each session, and by 
carrying out each session on a cushioned surface. Apples sustaining 
additional damage were replaced. 
1.8.3.4 INAPPROPRIATE EXPECTATIONS 
It is well known from other studies (e.g. Sinclair (1965), Thornton 
and Matthews (1983» that a phenomenon known as the 'signal rate 
effect' can occur in tasks such as grading. In this, examiners can 
form an expectation of the grade-out from a batch of apples, and then 
adjust their performance to match this expectation. To avoid this, 
samples were chosen to match the current gradeout from the grading 
line. 
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1.8.3.5 DIFFERENCES IN SAMPLES BETWEEN PACKHOUSES 
In theory, the same sample of apples should be used at each 
packhouse, so that the data could be amalgamated to produce more 
reliable information. Practically, this was not possible, since they 
could not be kept in the same condition over the time required, and 
because of accidental damage. This would not have been advisable 
anyway, from 1.8.3.4 above. Because different grading strategies are 
used at different packhouses, and because of local differences in the 
apples, it was deemed unwise to amalgamate the data from different 
packhouses. The data are therefore quoted separately for the 
packhouses in the sequel. Averages are given, but they should be 
treated with care. 
1.8.4 ANALYSIS 
The results are presented in terms of individual grading errors and 
average percentage grading errors for each packhouse. Because of 
problems in determining what is the correct grade for each of the 
apples, (see 1.8.3.1) errors were assessed by three (four in one case) 
different methods to allow wider interpretation. 
1.8.4.1 THE MODAL GRADE 
The correct grade for each apple in this case is deemed to be that 
grade selected by the majority of examiners for that apple. Obviously 
this will minimise the overall percentage grading error for each 
packhouse and will describe a 'best possible case'. 
1.8.4.2 THE LINE SUPERVISOR'S GRADE 
A different estimate is available by using the supervisor's grade 
on the grounds that since he/she has responsibility for ensuring that 
grade standards are met and for introducing novices to the task, the 
supervisor is likely to have better knowledge than the examiners. It 
should be noted that this is not a strong argument. Nevertheless, at 
five of the seven packhouses the in-house inspector or supervisor's 
grade was used. 
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1.8.4.3 THE RESEARCHER'S GRADE 
Since the apples that were presented were different at each 
packhouse, the only common grade interpretation for all packhouses is 
that of the researcher. Given the formal training and concentrated 
practice mentioned in section 1.4. above, this is arguably the most 
reliable assessment. 
1.8.4.4 THE CO-OPERATIVE INSPECTOR'S GRADE 
Unfortunately, it was not possible to make use of 'official' grades 
at all sites. However, at Packhouse 5 it was possible to obtain the 
services of an inspector from a co-operative organisation. The 
inspector's grades provide a second estimate common to many packhouses. 
1.8.5 RESULTS 
Fig. 1.2 shows for each site the mean percentage error in grading 
apples under near optimum conditions. The four different assessments 
of correct grades for the sample of apples discussed in Section 1.8.3 
were used. 
This figure indicates that using the 'kindest' of th~ measures, the 
modal grade, the average error rate for an examiner is 30%. The 
minimum error using this measure is 24% (i.e. out of 100 non-marginal 
apples, an examiner on average at Packhouse 2 will misgrade 24 apples 
under near-optimum conditions). Using the other measures, the picture 
is worse. The mean error rate is 43% for the supervisor's grade, 49% 
for the researcher's grade, and 60% for the inspector's grade at 
Packhouse 5 (the agreement with the researcher's grade is fortuitous). 
All these figures indicate considerable variance among the examiners as 
to the 'correct' grade, and indicate a shortfall in understanding of 
the standards. 
Fig. 1.3 shows the performance of all 52 subjects at seven 
packhouses (bearing in mind that a different set of apples was used at 
each packhouse). Some 15% of the subjects made 10% or less errors 
while the bulk of subjects registered between 10 and 40% errors. 
Fig. 1.2 
70 
40 
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Average percent 'errors' using different criteria by 
packhouses. 'Modal' = the modal grade, 'Sup' = supervisor's 
grade, 'Res' = researcher's grade, 'Co-op' = co-operative 
inspector's grade. 
% errors 
sup 
modal 
res 
packhouse 
No. of 
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Fig. 1.3 Individual Grading Errors (1) 
(51 subjects) 
Examiners 14 
13 
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In Table 1.5 the data are rearranged to show the nature of the 
errors made. In this table, the modal grade is assumed to be the 
correct grade. Overall half of the errors were upgrades, and half 
downgrades. Given the conditions under which the study was conducted, 
the presence of misgrades by 2 classes (e.g. Class I graded as reject) 
is circumstantial evidence of the examiners using criteria other than 
the EEC ones. The net conclusion is that not only are the errors 
frequent, but that some of them are gross, even under near-optimum 
conditions. 
TABLE 1. 5 Error in Grading Cox Apples under near-optimum conditions, off lil 
Packhouse No of 
Subjects 
No. of apples 
graded 
% of apples 
misgraded 
Downgrades %: Upgrades %: 
by 1 by 2 by 1 by 2 
class classes class class. 
1 6 60 25 10 15 
2 8 80 24 15 3 6 
3 9 90 32 12 2 18 
4 7 140 26 13 12 1 
5 7 140 41 17 20 3 
6 9 180 33 16 16 1 
7 6 120 24 12 12 1 
----------------------------------------------------------------------------_. 
TOTAL 52 810 AV: 30 15 
NOTES 
(1) Near - Optimum: Stationary, good light, no time constraints 
(2) Misgrades: Apples attributed a grade different from the 'modal' 
grade for that apple i.e. the grade selected by most 
subjects. 
(3) Sites 1, 4 and 7 deal only with 3 classes of apple while sites 2, 
3, 5 and 6 consider 4 classes. 
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TABLE 1.6 Consistency in grading performance over a ten minute 
interval compared with subjects % errors in grading under 
near-optimum conditions, with correlation. 
---------------------------------------------------------------------------
Subject % of apples % error in Subject % of apples % error in 
whose grade stationary whose grade stationary 
changes grading changed grading 
over a 10 min over a 10 min 
period period 
---------------------------------------------------------------------------
1 30 35 16 10 45 
2 20 25 17 10 40 
3 30 25 18 10 35 
4 30 30 19 20 10 
5 20 35 20 40 35 
6 0 10 21 20 45 
7 10 40 22 40 35 
8 40 40 23 0 20 
9 30 70 24 20 15 
10 30 45 25 10 10 
11 0 30 26 0 20 
12 50 25 27 20 35 
13 60 35 28 30 40 
14 0 20 
15 0 30 
Correlation: R = 0.49 
41 
Table 1.6 indicates the consistency of judgements over a ten 
minute period. For each examiner, the percentage of apples whose grade 
was changed over the 10 minute period is given in column 1, each 
examiner's performance in grading apples against the modal grade is 
given in column 2, and an overall correlation coefficient is given for 
columns 1 and 2. This illustrates that over a 10 minute period an 
average of 21% of apples were graded differently and indicates very 
poor consistency in the examiner's jUdgements. On the other hand, 6 of 
the 28 examiners made no changes, indicating that consistency is at 
least attainable. The positive correlation between the consistency 
measure and the correctness measure, although weak, is significant 
(p < 0.01) and points to the conclusion that the better the knowledge 
of the standards, the more consistent is the judgement. 
A second measure of inconsistency is the level of agreement 
(consensus) among the examiners about each apple in the sample. Table 
1.7 indicates this. An alternative criterion is the level of agreement 
with the supervisors' grade for each apple. This data is in Table 1.8. 
In the body of the tables are the average percentage of apples for 
which a given level of agreement was reached. The tables are 
subdivided because the samples at Packhouses 4-7 were increased to 20 
apples instead of the 10 apples at Packhouses 1-3. Both sets of tables 
reveal that on average, irrespective of which criterion is used, there 
will be universal agreement among a group of five examiners for only 1 
apple in 5. 
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TABLE 1.7 Percentage of apples for which a given level of agreement 
was achieved, by packhouse. 
(a) 10 apples per examiner at all packhouses 
-----------------------------------------------------------------------
No. of examiners Packhouse Average 
in agreement 1 2 3 4 5 6 7 % 
-----------------------------------------------------------------------
5 out of 5 30 30 10 10 
4 out of 5 70 60 70 50 
3 out of 5 100 100 100 100 
2 out of 5 11 11 11 11 
1 out of 5 11 11 11 " 
0 out of 5 11 11 11 " 
(b) 20 apples per examiner at Packhouses 4-7 
No. of examiners 
in agreement 
Packhouse 
4 
10 10 40 20 
30 40 70 55 
100 100 100 100 
11 11 11 n 
11 11 11 11 
11 11 n 11 
Average 
5 6 7 % 
-----------------------------------------------------------------------
5 out of 5 10 5 15 35 16 
4 out of 5 55 35 45 65 50 
3 out of 5 100 100 100 100 100 
2 out of 5 11 11 11 11 n 
out of 5 11 11 11 11 11 
0 out of 5 11 n 11 n 11 
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TABLE 1.8 Percentage of apples for which a given level of agreement 
was aChieved with the supervisor's grade, by packhouse. 
(a) 10 apples per examiner, at all packhouses 
-----------------------------------------------------------------------
No. of examiners Packhouse Average 
in agreement 1 2 3 4 5 6 7 
-----------------------------------------------------------------------
5 out of 5 30 30 0 10 10 10 40 19 
4 out of 5 70 60 30 40 20 30 40 41 
3 out of 5 100 80 50 90 70 80 70 77 
2 out of 5 " 90 60 90 80 80 90 84 
1 out of 5 " 90 90 100 100 100 100 97 
0 out of 5 " 100 100 " " " " 100 
(b) 20 apples per examiner at Packhouses 4-7 
-----------------------------------------------------------------------
No. of examiners Packhouse Average 
in agreement 4 5 6 7 
-----------------------------------------------------------------------
5 out of 5 10 5 15 35 16 
4 out of 5 55 30 35 65 46 
3 out of 5 95 60 75 75 76 
2 out of 5 100 85 85 90 90 
out of 5 " 100 100 100 100 
0 out of 5 
" " " " " 
-----------------------------------------------------------------------
In Tables 1.9 and 1.10, the data is rearranged to provide a 
comparison between those packhouses grading three classes of apple 
(Packhouses 1, 4 and 7) and those grading four classes (Packhouses 2, 
3, 5 and 6). 
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TABLE 1.9 Comparison of average grading errors at packhouses grading 
three classes of apple with those grading four . 
Average grading error 
Proportion of apples 
changing grade after 
10 minutes . 
3 Apple Classes 
Packhouses 1, 4 and 7 
25 
18 
4 Apple Classes 
Packhouses 2, 3, 5 and 6 
33 
23 
TABLE 1. 10 Comparison of the average % of apples for which a given 
level of agreement was achieved by Packhouses grading three 
classes of apple and those grading four. 
No. of examiners 
in agreement 
3 Apple Classes 
Packhouses 1, 4 and 7 
4 Apple Classes 
Packhouses 2 , 3 and 5 
-----------------------------------------------------------------------
5 out of 5 27 15 
4 out of 5 63 50 
3 out of 5 100 100 
2 out of 5 100 100 
out of 5 100 100 
0 out of 5 100 100 
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As might be expected, fewer errors (an ave rage of 25% misgrades) 
were committed when grading 
(average of 33 % misgrades). 
three classes compared to four classes 
Fewer apples changed grade following a ten 
minute interval (18% compared to 23%); and greater universal agreement 
among examiners was demonstrated for a smaller number of classes (e.g. 
27% of apples unanimously agreed upon by five examiners using three 
classes compared to only 15% for four classes . 
1.8.6 DISCUSSION 
It is worth noting that while only small samples of apples were 
used at each packhouse to test examiner performance under optimum 
conditions (i .e. the higher bound of performance), those used 
represented a broad range of quality attributes and were selected to 
provide a fair ana objective test (as far as this is possible) and not 
to confront subjects with unfamiliar defects or marginally defective 
apples. 
In addition, the assessment of grading performance has entertained 
several different interpretations of what constitutes the correct grade 
for each apple in order to provide a wider-ranging assessment of 
results . The ' modal' grade, where the majority grade choice of 
subjects for each apple is deemed to be correct has the effect of 
minimising the extent of possible errors . (Th is was the approach used 
in Stevens and Gale's work) . 
In contrast, the grade of the researcher, based upon a rigorous 
interpretation of the standards, leads to a larger error assessment . As 
a medium, the grading of the senior packhouse member is also used to 
assess errors. It is worth noting that at three of the seven 
packhouses the use of the 'in-house' supervisor as the correct standard 
indicates higher levels of overall error than when using the 
researcher's grades. 
Notwithstanding this, the averaged grading error for each of the 
packhouses was at best 24% of the apples and at wors t could be 
(depending on which measure is used) as high as 60% of the apples at 
one particular packhouse. Grouping all the packhouse results, (bearing 
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in mind earlier qualifications) the overall error in grading apples 
under optimum conditions ranged from 30% to 49% depending on grade 
interpretation . 
Such levels of error are not surprising when one considers that 
following a ten minute interval, an average of 28% of the apples were 
allocated a different grade to that attributed before . These changes 
were not confined merely to only one or two apples at each packhouse 
(as a result of ' marginality ' ); almost all of the apples were 
mis - graded by at least one examiner or another . 
On an individual basis, there is some encouragement for both 
training and selection. Some 15% of the subjects registered 10% or 
less erro rs (compared with the modal grade) and some 21% did not change 
any of their grade selections fo l lowing a ten minute i nterval and as 
noted earlier in the results, the r e is some correl at i on between these 
t wo measures. 
This is offset by some 15% of subjects with errors of at least 40% 
which is not surprising given that during the administration of this 
test, a number of subjects readily acknowledged their uncertainty in 
grading the apples , seeming to base their decisions upon intuition 
rather than a well - learnt knowledge and understanding of the grade 
requirements . 
Wi th the absence of any formal training , the haphazard development 
of grading experience (reported later) and the complexity of t he 
grading requirements this is understandable. The lack of consensus 
among small groups of examiners at the same packhouse is further 
evidence of this. 
This is an interesting analysis; ignoring , for the moment, the 
actual ' correctness ' of decisions, and concentrating upon the degree to 
which a common (correct or not) standard is operated by teams of 
examiners , on average, a group of five examiners at the same packhouse 
grading the same apples could only unanimously agree on two out of ten 
47 
apples. Admittedly, only one ' rogue ' examiner is required to cause 
this, but if we consider only four (of the five) in agreement , then 
still only approximately half the apples are graded the same . 
Returning to a correct grade assumption and using the most senior , 
experienced staff member as the correct standard , one finds a ll five 
examiners in full agreement with their supervisor for only an average 
of 21% of the apples ; for four examiners 46%; and for three examiners 
76% of the apples. 
It is worth remembering that the supervisor inducts new staff , 
teaches them the standard and oversees the application of standards 
on- line. That so few examiners achieve a common standard with the 
supervisor points clearly to a lack of consensus . 
There is, of course , the chance that under test conditions, 
subjects will alter their normal grading behaviour. There is a 
possibility that subjects will grade more severely to prevent bad 
apples being upgraded . Alternatively, subjects may be aware of 
management influence to ensure good fruit is not downgraded, or thrown 
out . These effects are not easily quantifiable . Such change is far 
less likely to occur where examiners have the grades well - learnt, and 
are comfortable with them; under these ci r cumstance s there is no 
perceived need to change other than the novelty of the situation. Some 
encouragement may be taken from the equal divide of errors between 
upgrades (15%) and downgrades ( 15%) overall, when using the model 
grade, which suggests that the test conditions have not affected 
examiners in the same way. 
What is clear from this assessment is that errors in grading under 
optimum conditions are serious and are little changed from the 
situation reported by Stevens and Gale in 1969. Examiners are unsure 
of the grade requirements and lack both consistency over time and 
consensus as a group in applying the standard . Furthermore, there are 
clear differences in the performance of individual examiners which may 
lend themselves to effective selection testing and to the 
implementation of training. 
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A final pOint to note, is the difference in performance between 
those packhouses grading only three classes of apple - Class I, 11 and 
Reject (Packhouses 1, 4 and 7) and those grading f our classes - Class 
I , 11, III and Reject (Packhouses 2, 3, 5 and 6). 
As might be expected, the fewer classes to be sorted, the better 
the performance . On average, some 25% of the apples were misgraded at 
Packhouse 1, 4 and 7 rising to 33% f or those packhouses sorting an 
additional grade. In addition, fewer apples changed grade ove r the ten 
minut e period and greater agreement among the examiners was found where 
only three classes were graded. There may, in the light of this, be a 
stronger case for restricting the number of marketable classes of 
apple, particularly if consumer awareness and demand for such choice is 
as limited as one , recent preliminary study indicates (Watton , 1980). 
The complexity of the decision- making task posed by the nature of the 
quality standards and its constraining effect upon grading performance 
is discussed more fully in the task analysis of Section 1 . 12. 
1.9 GRADING PERFORMANCE ' ON -LINE' 
1. 9 .1 METHOD 
In order to assess on- line grading performance for each individual 
packhouse grading line , small samples of apples were obtained from the 
line afte r they had passed the grading table but prior to reaching the 
packing tables, at different times during the day. Samples reflected 
the grade proportions passing along the line and were immediately 
regraded by the researcher away from the line. 
At two packhouses, an addit ional ' on-line' assessment was 
undertaken. This involved passing a small known sample of apples 
(50-1 00) in front of the examiner at the grading table (surreptitiously 
in one case) in pre- arranged order and recording the examiners grading 
decision and action on film for later analysis . Because of logistical 
difficulties, this could not be attempted at all seven packhouses . Once 
again, the apples used reflected the grade proportions of the apples 
currently graded at the site. 
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1. 9 . 2 PROCEDURE 
At each of the seven packhouses visited, a small sample of Cox 
apples (70-200), was obtained from the grading line during the course 
of the day. The ratio of grades forming each sample was determined by 
supervisory opinion and brief counts of apple throughput in each grade 
lane. Differences in the size of samples taken at each packhouse were 
the result of difficulties accessing the line at appropriate times. As 
the sample was taken it was regraded by the researcher away from the 
line using blemish sizing templates (Fig. 1.4 ) and with close reference 
to the EEC standards manual. 
At Packhouses 1 and 4, a small sample of Cox apples ( 100 and 50 
respectively) were selected from ungraded bins, graded into classes and 
loaded onto the line in pre- arranged order. (This was possible because 
of the roller conveyor system used . ) The subsequent ' grade- out' was 
filmed by an assistant . 
At Packhouse 1, the examiner was required (by the Packhouse) to 
remove all apples not conforming to Class I or 11. In this situation, 
40% of the pre- graded apples required 'action ' or removal . At 
Packhouse 4, where the examiner was unaware of the experiment, all 
Grade 11 and Reject apples required removal from the main flow and 
placement in appropriate lanes . In this situation, 70% of the apples 
required tactiont or removal. 
1.9.3 ANALYSIS 
Analysis of the samples of apples taken is presented as the 
proportion of apples deemed incorrectly graded by the researcher. 
Errors are also presented in terms of those apples 'upgraded' in error 
and those ' downgraded' in error. 
1. 9 . 4 RESULTS 
Table 1.11 illustrates the results of the regrading . This 
indicates an average misgrading error of 40% across sites. Included in 
the table is a breakdown of the nature of the errors committed for each 
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pac khous e . Bearing i n mi nd that sampl es are s mal l and ob tai ned ov er 
one day at each site, average upgrading errors were 29%, while 
downgrading errors were 11%. 
Where apples (which had been pr egraded) were introduced onto the 
line at Packhouses 1 and 4 , err ors are r eported i n table 1. 12. For 
Packhouse 1, some 33% of the apples were wrongly graded, of which 31% 
were incorrectly accepted (as Cl ass I / II ) and 2% were incorrectly 
rejected (as Reject) . For Packhouse 4, 68% of the fifty apples 
involved were incorrectly graded, all of which were incorrectly 
accepted (as Class I ) . 
Fi g . 1.4 Grading Template 
4·--40 m m ----< ... 
I II III 
t Cf Q 20 mm t 
5.6mm 8.9mm 
12.6mm 
~·~-----60mm----~·~ 
TABLE 1.11 
Packhouse 
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Grading per fo r mance by site under dynamic (real task) 
conditions . 
No . apples % apples % apples 
sampled correctly i ncor rectly downgrades upgrades 
graded graded 
--------------- -- ---------- -------- ---- -------------- ------------------
73 69 31 31 
2 84 55 45 22 23 
3 101 56 44 7 37 
4 175 41 59 58 
5 200 47 53 29 24 
6 100 73 27 3 23 
7 140 81 19 13 6 
TOTAL 873 AVERAGE 60 40 11 29 
Notes: 
1) Apples sampled form the line immediately after the inspection table 
and regraded under near- optimum conditions. 
2) Errors are derived from re- grading by the researcher. 
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TABLE 1.12 Grading performance for pre- graded apples passed over 
inspection table . 
SITE 
4 
Notes 
No . APPLES 
93 
50 
CORRECTLY 
ACCEPTED 
% 
58 
28 
CORRECTLY 
REJECTED 
% 
9 
68 
INCORRECTLY 
ACCEPTED 
% 
31 
INCORRECTLY 
REJECTED 
% 
2 
a) Apples were selected in proportion to the ratio of grades flowing 
over the inspection table that day. Where possible, an in- house 
inspector would assist in grading the apples. 
b) In the case of site 1, apples were loaded onto the inspection 
table in a pre - arranged order and the examiner ' s actions were 
filmed . The examiner could see the introduction of these apples 
and flow density fell far short of normal flows across the table. 
(Only 93 of the 100 apples were recorded) . 
c) For site 4, pre - graded apples were placed surreptitiously on the 
inspection table lead-up in pre- arranged order during a works tea 
break and the examine rs ' action regarding these apples was 
filmed . 
d) This study was limited by the difficulties in organising apples 
and the constraints posed by line layout. 
TABLE I. 13 Results of online grad ing study . Gradeout r efers to the quality of the curren t bin, Stra t egy r efer s 
to the action to be t a ken by the examine r, Ac tion percent i s the % of a ppl es that need to be 'moved 
with that stra t egy , Minimum ac tion percent i s the % to be moved g iven an o ptimum workload strategy , 
Error pe r cent i s the % misgrades with the current strategy. 
Packhouse Throughput Gr adeout Str ategy Act i on Mi nimum Erro r percent 
pe r examine r I Il (i) II (ii) R 
I 
pe rc ent ac tion Up Down 
appl es/min percent 
I -
" 
70 & 30 Remove R 30 30 3 1 -
2 57 25 ~ 45--t> 30 Leave I 75 55 23 22 
3 48 , 25 65 I 10 0 Leave I 75 35 37 7 
4 I11 18 <1- -- 67 , , 5 L eave I 72 33 58 I 
5 73 17 54 22 7 Leave I 83 46 24 29 
6 48 65 3 1 3 1 Leave I 35 35 23 3 
7 162 ~---70 • 30 Remove R 30 30 29 13 
Ip col umn 3 , I I( i) and II(ii) indicate the subdivision o f c lass 11 used by some Coop packhouses. Figures 1n 
this co lwnn are % of gradeo ut in the r e l evant 'c l ass ; Arrows indicate the merg ing o f classes 
Total 
3 1 
45 
44 
59 
53 
27 
19 
I 
I 
54 
1.9.5 DISCUSSION 
A cursory inspection of Table 1.9 indicates that grading errors 
for the real, on-line task across seven packhouses are quite severe . At 
the best packhouse (No 7), errors of grading are approximately one 
fifth of the throughput sampled and at the worst (No 4) as high as 
three fifths of the throughput sampled on that particular day. 
This is hardly surprising in the light of the results obtained in 
Section 1.8 where in the absence of on- line search conditions and 
packing , examiners were incorrectly grading an ave rage of 30% of the 
apples presented to them . Clearly , without bringing a clear knowledge 
and understanding of the standards to the on- line task (with all the 
additional problems of search that involves), the performance for the 
real task is inevitably constrained. 
It is worth considering the individual packhouses further , and in 
particular to note the important differences betwee9 them in terms of 
examiners deployed and grading strategies adopted and the manner in 
which they affect grading performance. 
Referring to Tables 1.4 and 1.13, it is evident that average 
throughput per minute worked per examiner deployed varies greatly 
across packhouses. (This is further complicated by the point samples 
taken during the day which indicate that these averages disguise wide 
ranges of throughput during the day). However, the effect of these 
differences is not so clear. For example, the grading line at 
Packhouse 4 recorded the highest error (59%) at the second fastest rate 
of throughput per examiner (111 apples/minute/examiner), but Packhouse 
7 with the lowest error rate (19%) achieved this at a faster throughput 
of apples ( 162 apples/minute/examiner ). 
This apparent anomaly may be explained by the second major factor 
differentiating packhouses in the sample; i.e. the grading strategy 
employed. Again referring to Table 1.13 it can be seen that as 
Packhouses and 7 sort the apple flow into a combined grade consisting 
of all Class I and 11 apples, examiners are only required to remove 
('action ' ) into a separate lane all apples of Reject Class, which in 
this instance is only 30% of the apples. This contrasts sharply with 
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Packhouse 4 where by virtue of market demand, examiners are required to 
separ ate all apples into four classes causing some 72% of the apples to 
be removed ( 'actioned ' ) from the main flow leaving Class I in the main 
flow . 
The implication of this is that we r e these two lines to be 
unmanned, 70- 80% of the apples would be correctly graded at Packhouses 
1 and 7 , but only 28% at Packhouse 4. This relationship between the 
removal or 'action' rate and grading errors is established in the 
results of the on- line sampling. Those packhouse lines (1, 6 and 7) 
where , for whatever reason , less than 30% of the total apple throughput 
required removal into other grade lanes, produced errors of 30% or 
less. For those packhouses lines (2, 3, 4 and 5) where an ' action' 
rate of 60% or more was required , errors were not less than 44%. (Given 
the paucity of data and the uncertain effect of other variables no 
attempt is made to define this relationship more specifically) . 
The additional line studies at Packhouse 1 and 4 support this. At 
Packhouse 1, some 40% of the apple throughput required removal (action) 
into other lanes resulting in an overall error of 33%. At Packhouse 4, 
some 72% of apples required removal (action) producing errors as high 
as 68% of the apples . 
This situation is aggravated by the rigid adaptation of one 
grading strategy by most packhouses, whereby Class 11 (i) , Class 11 
(ii) and Reject apples are removed from the total apple flow into their 
respect i ve lanes regardless of the fact that this may lead to higher 
than necessary action rates and consequently higher levels of error . By 
adopting an alternative strategy for that particular day (e.g . Select 
Class I, Class 11 (ii) and Reject from the total apple flow) the action 
rate could have been reduced by as much as half at four packhouses 
(Table 1. 13). The precise effect on grading error may not be 
immediately quantifiabl e , but the reduction in workload is significant . 
Undoubtedly , the level of errors on- line at all the packhouses 
visited is cause for concern . The need to equip examiners with 
adequate knowledge of the standards has been underlined both here and 
in the preceding section. The inadequate opportunity to search apples 
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and the need for slower translation and rotation of apples is the 
subject of Hillen's (1985) work. Current ranges of throughput can only 
serve t o aggravate the search problem. Ideally, t he confin ement o f 
much of the fruit to one class only by improved handling methods in the 
or chard (Davies, 1985) together with an appropriate grading strategy 
will ensure that a greater proportion of app l es are automatically 
correctly graded . 
These and other workplace fact ors are considered further in the 
task analysis of Section 1.12. The scope for improvement in on- line 
grading and the options f or training and grading strategy are also 
considered . 
1.10 REPERTORY GRID TECHNIQUE 
1.10.1 METHOD 
In order to assess the more qualitative aspects of decision- making 
performance and to provide some insight into examiners and packhouses' 
understanding of the standards , a repertory grid was obtained for each 
examiner. 
At its simplest , the method assumes that one can explore 
conceptual links between a person ' s ideas by analysis of statistical 
associations between his or her acts of judgement. Applying this to 
apple grading, the technique would allow some assessment of the manner 
in which grading staff perceive app l es to be of good or bad quality by 
virtue of the judgements they make in grading a representative range of 
apples. In this way, the re l ative importance of such apple features as 
blemishes, shape, colour , bruising and size may be evaluated, and , in 
addition , the extent to which a common interpretation and application 
of the EEC standards prevails within packhouses and between packhouses. 
The first stage of the technique elicits from the subject ways in 
which apples differ from each other . This may be achieved in a variety 
of ways, in this case by the triadic method . 
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The examiners consistently identified five apple features 
- blemishing, colouring, shape , size and bruising - by which they could 
differentiate between apples . These features then formed what are 
termed the constructs . 
The second stage is to show each subject a number of apples (which 
form the elements) and allow the subject to rank or rate the apples 
(e lements) in order , in terms of each f eature (construct). Thus for 
the construct ' size ', apples would be ranked or ordered from the 
largest to the smallest. Similarly, the best redness to the poorest 
redness, or the least blemished to the worst blemished etc . , depending 
on the named construc t. 
By comparing these r ankings with an overall ranking of the apples 
for best quality to poorest quality, some insight may be gained into 
the manner in which that overall quality rating is derived from the 
construct , and in principle how common that rating is within and 
between packhouses . 
1.10.2 PROCEDURE 
In order to establish those features of an apple by which 
examiners may discriminate between them, (the constructs o f the 
repertory grid, in this case), a preliminary study was undertaken at a 
Ministry Packhouse. Subjects were each presented with a different set 
of three apples (the triadic method) and were required to state how two 
apples were similar but different from a third in any number of ways. 
To ensure a representative range of constructs were elicitated, 
several (five) members of the public were subsequently invited to 
differentiate between apples again using the triadic approach. From 
this, six features used in differentiating apples were found to be 
common to the ten subjects and were used as constructs for the 
compilation of grids. These differentiating characteristics or 
constructs were: 
1) Good - Bad (Quality rating) 
2) Blemishing 
3) Size 
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4 ) Colour 
5) Shape 
6) Bruising. 
So that optimal use could be made of the available time and 
facilities at the seven commercial packhouses , the Repertory Grid 
assessment was combined with the administration of the ' Off- line 
Grading Performance ' tests (Section 1.8). 
Using the same ten apples of the ' off- line ' test (in the case of 
Packhouses 4- 7, the first ten of twenty), each subject was required to 
examine all ten apples and to place them in rank order on the table in 
terms of each of the above constructs. The ranks on each construct 
were noted and formed a 10 x 6 (apples x constructs ) matrix f or the 
purposes of repertory grid analysis. 
At each packhouse, one subject repeated the triadic elicitation 
process to confirm the app licabili ty of the six constructs. 
1. 10 . 3 ANALYSIS 
A total of fifty - two grids were obtained and analysed using the 
MRC INGRID computer package (Slater , 1967) . The SERIES program was 
used to consider groups of grids corresponding t o each packhouse. 
Because different apples comprised the elements at each packhouse, no 
attempt is made to analyse the grids as a whole or on an inter- site 
basis. Instead , an intra- s i te analysis is performed to assess the 
interpretation of apple quality . 
1.10.4 RESULTS 
Figures 1.5 to 1.1 1 show two- dimensional (or two- component) 
representations for each packhouse of the r elationship between the 
apple attributes as perceived by the group of examiners. Each shaded 
sector represents an attribute, and the degree of overlap of the 
sectors indicates a similarity between the attributes in the eyes of 
the examiners . The width of the sector provides a rough guide to the 
degree of consensus between the examiners for that attribute, at that 
packhouse. 
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Thus if all 10 apples were given the same rank positions on the 
attributes ' size' and 'overall quality', the sectors would occupy 
identical positions on the circle circumference. In such a case we 
might conclude that the larger (or smaller) the apple, the better (or 
worse) its overall quality as perceived by the examiners, and that size 
is a strong determinant of quality. The further apart two attributes 
are, the less the relationship; at 90 degrees divergence, the 
relationship is nil. As can be seen from the diagrams, there are few 
sectors that have a consistently close relationship with overall 
quality across the packhouses, and most of the sectors are fairly wide . 
The exception to the latter comment is size. The examiners achieved 
very similar rankings for size , as might be expected. This is not 
surprising, but it does provide a useful comparison to assess the width 
of other sectors . 
Perhaps of most concern is the disparity between examiners when 
ranking the ten apples in terms of their overall quality. As 
experienced grading staff, one would expect a narrower distribution 
than is evident here. 
Another interesting result is to be found when comparing each 
subject's ranking of the overall quality of each apple with the grade 
attributed to it during the off- line study (above) . In all cases, 
subjects graded at least one apple one grade better than an apple which 
in the ranking exercise was deemed of higher overall quality. In some 
cases , as many as four apples were ranked for overall quality in direct 
contradiction to the grades attributed earlier. The implications of 
this are discussed below . 
Overall, there is evidence at the majority of packhouses of a 
general ordering of apples with respect to the bruises and blemishes 
present. However, there are large differences between examiners in the 
importance attached to these attributes in determining the grades, and 
because of this little can be said about the packhouse grad i ng 
standards themselves . 
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Fig . 1. 5 Tt/o - component repr esentation of relationships between 
apple att ribut es for Packhouse I 
LEGEND 
~ good - bad quality 
rn no - much bruising 
§ good- p.oor co lour 
component I 
component II 
• s ma ll- large size 
I@iI no - much blemishing 
illIIill good - bad shape 
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Fig . J . 6 ,\pple att ribute relationships , Packho use 11 
I 
II 
Fig . 1. 7 Apple attribu te rela tionships , Packhouse III 
I 
TI 
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Fig . 1· 8 App l e at tribute relationships, Packhouse IV 
I[ 
Fig . 1. 9 Apple attribute relationships , Packhouse V 
I 
IT 
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Fig. 1. 10 Apple attribute relationships , Packhouse VI 
I 
]I 
Fig . J . J I Apple at tribute relationships, Packhouse VII 
I 
IT 
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1. 10 . 5 DISCUSSION 
Analysis of the repertory grids obtained for experienced apple 
grading staff confirms the wide disparity of interpretation and 
application of the apple grading standards reported for the off- line 
study (Section 1. 8). 
While some differences in ordering apples in terms of quality of 
shape or even colour are to be expected given the qualitative nature of 
grade requirements for these features , the very wide disparity within 
packhouses in ordering apples in terms of quality by bruising or 
blemishing is further evidence of the absence of consensus among 
packhouse staff when grading apples . When required to order a set of 
apples in terms of overall quality these differences are accentuated 
and when compared with the grades attributed to them further 
disparities emerge . 
Because of these individual differences, little can be interpreted 
about the packhouse grading standards themselves . There is some 
evidence at the majority of packhouses to suggest a correlation between 
the overall grading quality of the apples and the grading by blemishing 
or bruising but this is not clearly established. 
The grid technique may have some role to play in assessing the 
effects of training, although the problems of perishability and time 
involved in administering grids are significant obstacles to be 
overcome. 
Finally, the failure to use the same set of apples across several 
sites , again through problems of perishability and handling damage , 
served to restrict the initial scope of this method of assessment by 
preventing an inter- site comparison . However , the disparity of 
interpretation of grades displayed by the intra- site study indicates 
that the application of standards between sites is likely to be even 
worse . 
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1.11 I NTERVIEW, QUESTIONNAIRE AND FILM 
1.11 . 1 METHOD 
Informal interviews were conducted wi th each of the fifty - two 
s ub jects at seven packhouses to canvas opinions i n regard to t he 
quality standards , grading problems, training and other factors 
impinging upon the grading task. A questionnaire was adminis ter ed at 
each subject ' s workplace (reported in Hillen, 1985) and included formal 
questions relating to training and the ' on- line' problems of grading . 
Extensive filming of the workplace recorded point throughputs, 
apple rotation , staff deployment and other relevant workplace factors . 
1.1 1.2 PROCEDURE 
Unstructur ed interv i ews took place immediately after the 
' off-line ' studies (Sections 1. 8 and 1.1 0) prior to each s ubj ect 
returning to the line . Filming was undertaken during the two days at 
each packhouse via a t r ipod- mounted video camer a. 
1.11 . 3 RESULTS 
Informal interviews provided the subjects with an opportunity to 
highlight any particular problems involved in grading apples which were 
not obvious to the researcher . Many subjects mentioned the problems of 
grading bruised apples particularly in terms of bruise size. 
(Table 1.14 ) . (It should be noted that bru ising appea r ed to be 
exceptionally high during t he 1982/83 grading season due to weather 
conditions). Blemishing, and in particular , c racking , posed 
considerable problems in trying to assess depth and ' progressiveness'. 
Many subjects displayed uncertainty in grading apples with a 
' king ' shape defect and opinion varied greatly as to the acceptable 
size of king defect for Class I . ( A king defect is a protruding 
deformation of the apple at t he stalk . ) In some cases , subjects 
indicated they would reject 'king' fruit unless very minor. This is an 
example of examiners 'moving' a poorly defined standard to make it more 
easily applicable. 
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A recurring feature to emerge was the use of a more general 
appraisal of the apple ' s overal l appearance which is not easil y 
defined, differing from examiner to examiner. Many subjects freely 
departed from the standards where they felt the overal l aesthetic 
appearance of the apple did not merit Class I or 11 . 
A significant number of subjects tended to operate an overriding 
quality determinant based upon their own inc lination to buy that 
product. Failing this criterion , the apple might be downgraded or 
rejected. Connected with this is the "general feel " of the apple. Such 
an evaluation is not excl usively based upon the maturity rating of the 
apple ( for wh ich only passing reference is made in the standards ) but 
in the absence of a suitable test may be an adequate alternative . 
A substantial number of subjects demonstrated a very haphazard 
kno wledge of the grade standards and expressed a need for some form of 
training. Significantly only one subject had received any formal 
training and none were fami l iar with ATB materials. For the majority , 
t raining consisted of a brief summary beside an experienced examiner 
for a f ew days. None o f the examiners had had any f ol l ow-up training, 
and only in some packhouses was there any attempt to provide r eference 
material for the examiners to use while performing the task. 
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TABLE 1.14 Frequencies of responses by 52 examiners to specific 
questions in informal interview 
Q.1 Which of the apple grading categories presents the most 
diffic ulties when putting apples into grades online? 
Grade category % examiners 
Blemishing 72 
Bruising 67 
Co l our 33 
Shape 24 
Other 21 
Q. 2 Have you received any formal training on grading standards? 
Response 
Yes 
No 
% examiners 
2 
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Analysis of the extensive filming undertaken at each of the 
packhouses provided information relating to grading line design , 
throughput, rotation, examiners dep l oyed , general staffing, grading 
strategy, grade lines , line loading and line control . This data is 
summarised in Tables 1.4, 1.13 and 1 . 15 and indicates the differences 
between grading line operations. 
While average throughput figure s have been calculated from the 
daily input of bins of apples , video film allows point calcul ations to 
be taken at diffe r ent times during the day . These indicate much higher 
throughputs of a pples across the table, interspersed with periods of 
inactivity, due to poor line loading (Table 1.15). This is 
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particularly true o f packhouses where bin- tippers dry-load the line and 
gaps appear while bins are changed over. The problem is less marked 
where lines are loaded by the flotation system. 
Clearly there is need for more efficient loading of lines either 
through a buffer stock system or some different form of line feeder. 
This has important imp l ications for grading performance . In some 
instances over 400 appl es per minute cross the grading tables, whereas 
this could be as low as 162 apples per minute if the line were 
continuously loaded. Obviously , some breaks in the line flow are 
beneficial to the examiner , although, in this case, their haphazard and 
uncertain duration is unlikely to have the same effect as a 
pre- determined pause. 
The number of examiners deployed at the examining table was 
generally found to be one or two except at Packhouse 6 where fourteen 
examiners, sev en to each apple flow , were deployed and at Packhouse 3, 
where 6 examiners , 3 to each flow , worked. Importantly, only at one 
packhouse could the examiner adjust the speed of the belt . 
These factors, and their implications for grading performance are 
discussed further in the task analysis of Section 1.12. 
TABLE 1.15 Average daily throughput of apples across grading tables in seven packhouses . Note that 
'mins. worked' excludes breaks . 
Packhouse No . bins Apples ~li nutes Apples No . of Apples per Apples per 
per day per day worked per min . examiners min. per min . per 
per day examiner examiner 
(sampled) 
1 110 
2 50 117000 510 1111 4 57 75 
3 50 117000 405 1411 6 48 64 
4 20 47000 420 111 1 111 123 
5 47 110000 375 146 11 73 39 
6 120 280000 420 336 14 48 57 
7 24 56000 3115 162 1 162 400 
'" 
"" 
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1.12 TASK ANALYSIS 
1.12.1 DISCUSSION OF THE GRADING TASK 
1.12.1.1 GRADING STANDARDS 
The results of both the 'off- line' and ' on- line ' studies have 
highlighted the need for training in the quality standards . Many 
examiners failed to display even a basic knowledge of the quality 
requirements for each class. This is the situation Stevens and Gale 
( 1969) reported fifteen years ago and has been found by other 
industrial inspection researchers where training is absent (Raphael 
1942, Seabourne, 1964) . The clear need to design and implement an 
appropriate training scheme requires that several problems be taken 
into account. 
Firstly, it is evident that training in standards for a product 
involving a diverse range of quality attributes cannot be undertaken 
successfully without broad agreement of interpretation of the quality 
standards for each grade class across those bodies with responsibility 
for quality control and with powers of audit . This has been stressed 
by Megaw et al . ( 1981) among others . Based upon the fieldwork 
undertaken across seven packhouses, it is felt that such a consensus is 
lacking and will continue to prove a major obstacle to the uniform 
application of the standard. From personal observation the problem 
would seem not to be confined merely to ,the packhouse but to be present 
at national Inspectorate level. 
Furthermore, anecdotal evidence would suggest that packhouse 
management are (understandably) susceptible to market demand (in what 
is a most unpredictable market) to the detriment of the operation of a 
consistent set of standards . The effect of this upon examiners is 
discussed later in Section 1. 12.2.3. 
Secondly, the qualitative rather than quantitative nature of the 
written standard poses real difficulties for effective training, and is 
a major contributing factor to the lack of consensus referred to above . 
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Ill-defined standards have been identified as a major source of 
inspector error in other studies by Seabourne (1964) , George (1963) and 
Belbin (1957) among others. 
However, and somewhat paradoxically, where the grade requirements 
are more specific, the problems of consensus and consistency can be 
compounded. For example, examiners are required to recognise blemish 
areas such as 100 sq . mms . (Class I maximum) or 250 sq . mms. (Class 11 
maximum) when grading apples - a difficult enough task when stationary, 
made all the worse when rotating whilst being conveyed. Again, 
exami ners are required to identify t hose apples whose surface area is 
at least 10% red (Class I) and take appropriate action. Some external 
packhouse inspectors require a 'perspicuous ' colour of red to conform 
to Class I , although this is not specified within the EEC regulations. 
In some cases , marketing co- operative packhouse schemes have 
sough t to clarify the EEC standard by including specific maximum sizes 
for depth of cracking, for example. This is commendable insofar as the 
examiner has the opportunity to inspect the apple carefully, but is not 
the case in the online task . A similar problem exists when considering 
the shape of the apple. The EEC standard uses the phrases ' marginally 
faulty development' and 'slight deformation ' for Class I, whereas the 
co- operative schemes specify in mm the degree of offset of an apple. 
In both cases , where an examiner has the opportunity to examine the 
apple carefully, such precision is desirable. However, under less than 
ideal conditions and where instant judgement is required such precision 
is an invitation to examiners to alter the standard to one that they 
can easily apply, which leads to considerable variance among the 
examiners, and the development of inappropriate marketing c lasses. 
Seabourne ( 1964 ) warned that "the use of a very compl i cated set of 
standards takes up too much of the inspector's t ime" and consequently 
leads to their inconsistent application . The case for a more 
simplified standard is augmented by the limits on an examiner's 
capacity for information processing (Miller, 1956) and this has 
prompted Moraal (1975) to propose that "in bringing quality control 
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tasks in general more into line with human capabi l ities the number of 
quality levels on which absolute quality judgements have to be based 
must certainly not exceed six or seven, but four or five is preferred". 
George (1963) argues that in practice a precise , a bsolute standard 
r arely exists and that the market will play an important role in 
determining the consistency of standards "since the amo unt of 
inconvenience a c ustomer is prepared to tolerate will depend upon his 
ability to get alternative supplies of the right quality, at a 
competitive price and in the quantities he r equires". 
This argument is particularly pertinent in the case of English 
app l es faced with strong market inroads by foreign imports which are 
supposedly " standard and correct " ( A. Buchanan- Smith, Ministe r of 
State , 1980) . It should be r emembe r ed that s uch imports are subject to 
the same set of EEC standards . 
These comments of course beg a further question; a r e consumers 
concerned about blemishes and /o r misshapen apples ; i.e . are the 
standards relevant? Bowbrick ( 198 1), in a critique of EEC fruit and 
vegetable standards, asserts that the standards are a commercial 
standard and are not based upon individual needs and market demands . If 
this is indeed the case, there may be an opportunity at some future 
date to modify the standard to make it easier to apply. 
It would seem however, that as the prospect of early change to EEC 
legislation is remote, any scheme for t raining apple examiner s must 
also seek to derive a consensus or agreement amo ng groups of examiners 
in correctly interpreting and applying the quality requirements rather 
than merely to attempt to teach the written rule of the standard . This 
is essentia l given the vast variety of defective apples that an 
examiner may encounter for which the written standard is less than 
specific. 
Thirdly, it is felt that real apples, by vi rtue of their 
perishability can only perform a limi ted training role in establishing 
this consensus on an industry-wide basis. This i s a vi ew suppor ted by 
Thomas and Seabourne (1961) in reviewing the work of Meadows, Lovibond 
73 
and John (1959) into peach grading . Seabourne (1964) also draws 
attention to "par ticular problems .. . .. . when the product is 
perishable, or subject to change over a period of time", and goes on to 
recommend the manufacture of substitute standard examples to aid the 
maintenance of standards . 
The development of a comprehensive, pictorial standards manual may 
provide a means of obtaining broad agreement of interpretation although 
the promotion of an absolute standard irrespective of seasonal, market 
or geographical influence is notoriously difficult to achieve . 
Schilling ( 1982) developed a pictorial standards manual to 
encourage plastic refurbishment centres to operate to the national 
plastic appearance standards with considerable success. Where well 
defined, quantitative standards do not exist , a pictorial standards 
manual would seem a promising method of establishing the ob jective 
application of quality standards through training. 
Finally, some quality standards are of greater importance than 
others , and a degree of flexibility in any training scheme should 
reflect this . Site - specific problems such as poor colour or frost 
related defects for example would suggest greater emphas is be placed 
when training for quality requirements relating to such attributes. Any 
programme of training developed should provide the flexibility to 
reflect these degrees of emphasis . 
1.1 2. 1. 2 DECISION STRATEGY 
The importance of decision strategy to successful grading has been 
noted in Section 1.9 . 5. 
Since examiners are going to make errors and typically they make 
more errors of omission than commission (careful perusal of Table 1.11 
indicates this) , a sensible strategy would be to sort the minimum 
percentage of apples , thus reducing misgrades to a minimum . In the 
a bsence of good information on costs and penalties, this represents an 
optimum strategy. 
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Harding and Manning ( 1929) in a study of strawberry sor ting 
describe a task where fruit is sorted into first, second and reject 
grades. Observation of the examiners showed that, when the level of 
fruit was good, they looked for and sorted first grade fruit almost 
continually , stopping only at intervals to separate out the second 
grade and reject fruit . Later in the season, the quality deteriorated 
and second grade frui t predominated. Under t hese circumstances output 
fell as sorters continued to look f or first grade fruit wh ich was no 
longer the most efficient method . 
While this study does not report the effect on inspector error, it 
focusses upon the need for a reactive approach to decision strategy at 
the inspection table, particularly where there is paced throughput and 
several quality grades in operation. 
The importance of good quality fruit, of course , cannot be 
overstated , not purely on the grounds of maximised returns but also by 
virtue of the fact that a large proportion of Class I fruit reduces the 
required ' action ' rate on lower class apples (assuming a subtractive 
system of inspection) which , in turn , leads to better grade- out. 
A cautionary note is worth making here. Some studies (Harding and 
Manning, 1929; Sheppard, 1953) have observed that when output is high 
and of good quality the tendency is to raise the quality standa rd, 
often subconsc iously . This form of slippage seems most likely to occur 
where the quality standards are ill- defined and/or inspecting staff 
poorly trained, as in the case of apple inspection . 
A feature of the decision- s trategy employed by all packhouse 
operations investigated is the ' one- defect - at - a- time' approach . 
Briefly, each apple passing the examiner is (ideally ) examined for all 
defect types s imultaneously ( i.e. ' one- item ' . . . ) rather than examining 
the batch of apples for one defect type, t hen again for a second type, 
third and so on (i . e. one- defect . .. ) . Obviously the former decision 
strategy minimises the physical work element of the inspecting process 
but maximises the mental workload, while the latter appr oach is the 
converse. 
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Harris and Chaney (1969) found that the ' one- defect - at - a- time ' 
method was 90% more effective for inspection of an electronic chassis 
while Konz and Osman (1977) also recommend the ' one- defect - at- a - time' 
approach although their study was not of an applied inspection task and 
differences were significant only for certain characters inspected. 
Ebeling and Orr (1978) compared two approaches to potato inspection 
which differ somewhat from the one item/one defect dichotomy of the 
previous studies. Subjects sorted for one grade at a time or all 
grades simultaneously. Their results suggest that sorting for one 
grade at a time (sequentially) is best at lower levels of defectives 
while sorting all grades (simultaneously) is best at the higher levels. 
Su and Konz (1981) compared 'one- item' with 'one- defect' for 
'easy' and 'difficult ' inspection on a simulated inspection task 
involving characters . They found no difference in accuracy when 
inspecting was easy (i . e. inspect for $, A or B) but 15% less errors 
for one- defect-at- a- time when inspection is ' difficult ' (i . e. 345 or 
678) . 
This would appear to be a promising line of enquiry for further 
experimentation for apple inspection (or other inspection systems for 
that matter) . Coupled with probable improvements in inspection errors, 
examining staff might become more specialised, thereby facilitating 
training and the maintenance of standards by clearer identification of 
responsibility for inspection errors to personnel . 
However, a major drawback is the time penalty likely to be 
incurred by inspecting for 'one- defect- at-a- time' . Su and Konz report 
considerable time penalties (22% longer) with such an approach which 
might be justifiable knowing the range of costs and penalties 
associated with Type 1 and 2 errors, but for high throughput , low cost 
items such as apples the resultant time penalties, coupled with the 
costs of workstation reorganisation were felt to be prohibitive . 
There are other problems too - specialisation in a task of this 
kind could be excessively boring, engendering the usual problems of 
poor motivation, absenteeism and high staff turnover. Consequently 
Ministry officials do not recommend this for further investigation. 
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1. 12.1.3 PRESENTATION OF APPLES 
At all the packhouses visited , apples were examined whilst 
conveyed, rotating, past t he examiner. While the line could be stopped 
this was usually for emergency purposes such as a bottleneck and not to 
aid inspection. 
At one site , the belt speed (and hence rotat i on) could be slowed 
within the control of the examiners a nd this allowed staff to adopt a 
throughput a t which they felt "in control ". This was, however, offset 
by poor line- loading causing uneven f l ows of apples onto the belt , 
disrupting any throughput pattern. This is evident in Table 1. 15 by 
the disparity between average throughput and the range obtained by 
pOint samples . 
Several inspection studies have reported the superiority of 
inspection performance where subjects have been self- paced (Konz and 
Osman, 1977; Will i ges and Streeter; 1971 , McFarling and Heimstra, 
1975) . Again the obvious difficulty is the time penalty like l y to 
occur in the absence of externally- paced displays . What is required is 
some form of overall external pacing which would allow individual 
examiners to organise the available time as they see fit . 
Borrowing from the work of Hillen (1985) , it is evident that apple 
rotation does not necessarily provide the examiner with the opportunity 
to view all the sides of the apple , no matter what time is al lowed and 
in particula r , when apples a r e conveyed in many lanes . Some form of 
stati onary ins pection woul d seem a vi able alternative for exploration 
to a l low sel f-pacing but within the wider limits of an external 
constraint . 
Studies by Sinclair ( 1965) , Chapman and Sinclair (1974) , McRae , 
(1980) and Moraal ( 1975) indi ca t e s i gnificant benefits to be derived 
from stationary inspection , and consequently t his is the s ubject of 
further expl or ation reported in Chapter 4 . 
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1.12.1.4 LINE LOADING AND THROUGHPUT 
Given that there are limits to human performance in a task such as 
this, and that the requirements of such a task are often outside the 
human performance envelope, it is important to ensure that examiner and 
task are as well matched as possible. 
Hillen (1985) and Stevens and Gale (1969) have recommended a 
throughput of 60 apples per minute as an optimum. Taking Packhouse 7 
as an example, the average daily flowrate of 162 apples per minute is 
over twice this optimum suggesting that 3 examiners should be deployed 
(This is an oversimplification which assumes segregated search by 
examiners). However, this daily average conceals very uneven flows, 
point samples indicate a range from 0 to 400 apples per minute, 
corresponding to a peak requirement for 7 examiners, which would 
clearly be uneconomic in the longer term. 
In this particular case, the uneven line flows were caused by 
dry-tip line loading, without any form of buffer stock before 
examination. While breaks in the flow of apples provide a break from 
monotony, their haphazard nature is unlikely to bring the benefits of 
rest-pauses reported by Colquhoun (1962) among others, and may only 
serve to break up any examining pattern or rhythm developed by the 
inspecting staff (Shiffrin and Schneider, 1977). 
Apples generally pass the examiners' field of view in a very 
haphazard fashion, sometimes in single series but more often in groups 
depending on the width of the belt. This has been observed to be as 
wide as 8 apples in parallel. The use of 'figure-ground' perceptual 
cues reported by Fox (1977) and others would therefore seem unlikely 
even were the product to lend itself to such a process. 
1.12.1.5 SECONDARY INSPECTION 
At one particular packhouse, the packing section actively regrade 
apples as they are boxed. At other packhouses, packing staff are 
encouraged to remove obviously misgraded fruit, while one packhouse 
actively discourages packers from re-assessing fruit to concentrate 
upon efficient packing only. 
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The role of secondary examination at the packing stage is 
undoubtedly useful in preventing 'rogue' fruit from entering boxes yet 
it is very much a limited exercise judging by the small number of fruit 
re-graded compared with the overall errors believed to pass the 
examining section. 
1.12.2 DISCUSSION OF SOME SOCIO-TECHNICAL ASPECTS 
1.12.2.1 EXAMINERS 
Staff employed as apple examiners or examiners/packers were found 
to be, in the main, seasonal. They were generally local people who 
resume their employment in the packhouse each year in August/September, 
sometimes having harvested the apples immediately before. 
The great majority of staff were female amd were evenly 
distributed by age. Most were little experienced although every 
packhouse had a small core (2-3) who had been grading for several 
years. The turnover of staff year-to-year does not bode well for 
extensive training of recruits, although the value of inspecting 
experience is questionable. 
In this respect, Binns (1934, 1937) found that a number of 
schoolgirls and other individuals having no connection with the wool 
trade could rank a series of tops in order of quality with the same 
accuracy as experts with long experience. Evans (1951) found 
experienced tool-makers inspecting with micrometers no more accurate 
than apprentices. 
On the other hand, Seabourne (1964) describes a series of 
industrial studies where subjective standards are involved and where 
"an inspector relies to a very large extent.on his own past experience 
of the job, and learns to use information from a number of sources to 
guide his decisions ••••• he seems able to pick out faults immediately 
without having to search for them". It seems likely that such 
perceptual ability will arise with experience 'on-job' at apple 
grading. Unfortunately, no comparison of age/experience and 
performance is presented due to inadequate data. However, further 
consideration of this is reported in subsequent chapters. 
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In terms of remuneration, only one packhouse was found to make a 
distinction between examiner and packer in terms of pay rates which 
were usually on an hourly rate, although one packhouse (2) included a 
time bonus scheme. Certainly, no distinct status attached itself to 
the task of examiner and consequently few packhouse staff aspired to 
the position. 
1.12.2 DEPLOYMENT OF EXAMINERS 
Table 1.4 records the number of examiners deployed per grading 
table for the seven packhouses visited. As can be seen, deployment 
ranged from a single examiner to as many as seven while throughput per 
examiner deployed did not remain constant. Informal discussion with 
line management revealed a haphazard approach to the numbers deployed 
without any real evidence of an optimum deployment. In some cases, 
packhouses relied upon one or two highly experienced examiners, while 
others favoured the rotation of staff between packing and examining, 
usually on a day-to-day basis. 
Considerable research has been conducted into the relative merits 
of single monitors compared to groups of monitors for vigilance-type 
tasks. An excellent summary of these is to be found in Wiener (1975). 
Some studies of inspection tasks (Lion et al., 1975; Konz and Osman, 
1977) have appeared promising with significant improvements in levels 
of detection for combinations of inspectors compared with single 
inspectors even when throughput per examiner deployed is held constant. 
This has obvious attractions for apple inspection where unit 
labour costs are critical. Additionally, the deployment of examiners 
in groups may enhance performance through social facilitation (Zajonc, 
1965), sub-division of the task (Homseth and Davis, 1967), more 
flexible pacing (Konz and Osman, 1977), and serve to reduce the sheer 
monotony of the task. 
Furthermore, deployment in groups may facilitate the establishment 
of a consistent standard through the pressures to conform observed in 
group situations. Seabourne (1962) for example, found that subjects 
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when introduced to a group inspecting faulty cards altered their 
standards simply by comparing their performance with that of others in 
the group. 
Nevertheless, Seabourne warns of the negative effect that may 
arise from this in proving an obstacle to training or in the correction 
of slipping standards. 
The question of single and combined deployment of examiners is the 
subject of further work reported in Chapter 4. 
1.12.2.3 MANAGEMENT AND SUPERVISION 
The majority of packhouses visited consisted of an overall 
packhouse manager, (in some cases the farm manager), a packhouse 
foreman responsible for day to day operation of the grading lines, and 
a line supervisor, usually a senior member of the grading team. The 
latter usually undertook quality control sampling (1%) of each day's 
line output. Since this individual has usually received minimal 
training, the value of this is dubious, as is borne out in Section 1.8. 
At one packhouse, examiners recounted how management exert undue 
influence on the line staff in their decisions to accept and reject 
fruit. This, they claimed, led to a variable standard depending on the 
demand for first class fruit. Such pressures are not uncommon in other 
inspection situations (e.g. Chapman and Sinclair, 1975), particularly 
for manufactured goods where production and inspection are unsegregated 
(Thomas and Seabourne, 1961). 
12.2.4 TRAINING AND SELECTION 
Only one of the fifty-two packhouse staff interviewed had received 
a formal introduction to and training in the standards, while others 
had had a cursory introduction before commencing practice on the line 
or at the packing stage. None had received any subsequent training. 
The need for training in the standards has already been high-
lighted (Section 1.12.1.1). The training of search/perceptual skills 
has been found to require considerable effort and 'hands-on' experience 
by King (1947), Low (1951), and Schneider and Shiffrin (1982). The 
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resources for such a programme of training were not available in this 
instance, and hence an investigation into the relative benefits of 
training for perception was not undertaken. 
Selection of staff for the examining task was found to be rather 
on an ad hoc basis although experience was the predominant feature. 
There would appear to be some process of natural selection with very 
unsuitable staff confined to packing and other tasks as found by 
Seabourne (1964) among others, for several inspection operations. 
The individual differences in examining performance reported by 
Stevens and Gale (1969) and confirmed here, would appear to lend 
themselves to the successful deployment of some form of selection test, 
and further work reported in Chapter 3 examines this. 
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1.13 CONCLUSIONS FROM THE STUDIES 
Several key features of apple grading standards and practice have 
emerged from this assessment. 
1.13.1 There is no evidence of any improvement in apple grading 
performance in comparison to the situation reported by Stevens 
in 1969. 
1.13.2 There are large individual differences between the abilities of 
examiners to grade apples under optimum conditions with only 
trivial search which may ultimately lend themselves to a 
process of selection testing. 
1.13.3 The grading errors reported may be attributed to both an 
inadequate knowledge and understanding of the standards as well 
as their inadequate application (both on-line and off). 
1.13.4 The absence of training in the standards prior to undertaking 
grading is a major contributing factor. 
1.13.5 In addition, the qualitative nature of a standard based upon 
commercial rather than consumer requirements, may contribute to 
the high levels of inconsistency and paucity of consensus 
displayed by examining staff in their understanding and 
interpretation of the standards. 
1.13.6 Thus, the quality standards operated may be: 
i) not relevant to consumer requirements and by implication 
ii) unnecessarily complex given that there are limits to human 
information processing capabilities. 
iii) too easily susceptible to market pressures which manifest 
themselves in undue managerial influence on the standard 
operated. 
iv) undermined by the apparent absence of an industry-wide 
consensus. 
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1.13.7 The inadequate application of the quality standa~ds a~ises 
di~ectly f~om incomplete sea~ch of the apple th~oughput 
(Hillen, 1985), due to non-optimum ~oles of t~anslation and 
~otation and va~iability of line loading. 
1.13.8 In addition, the app~oach to grading st~ategy adopted by most 
packhouses se~ves to increase the 'action' ~ates ~equi~ed of 
the examine~s, whe~e a mo~e flexible ~e-active approach would 
allow an optimal st~ategy to be employed. The non-optimal use 
of decision-st~ategies has ~esulted in unnecessa~ily excessive 
mental and physical wo~kloads fo~ examining staff. 
1.13.9 The deployment of examine~s at the inspection table is la~gely 
dete~mined on an ad hoc basis and not based upon any pa~ticula~ 
optimising a~r.angement. 
1.13.10 The~e is evidence to suggest that the impo~tance of apple 
quality inspection is subo~dinate to th~oughput (see Section 
IV). This, it is felt, a~ises th~ough the absence of st~ict 
ma~ket-place audit inspection togethe~ with punitive measures, 
consume~ igno~ance of and possible indiffe~ence to the t~ading 
standa~ds applicable, and the p~essu~es of supplying a volatile 
market f~om a seasonal supply. 
1.14 GUIDELINES FOR FURTHER WORK, BASED ON CONCLUSIONS 
The conclusions in Section 1.13 fo~med a basis fo~ fu~the~ wo~k, 
to explo~e means of imp~oving, as far as the examine~s a~e conce~ned, 
thei~ knowledge of the standa~ds, and thei~ application of the 
standa~ds. 
1.14.1 KNOWLEDGE OF THE STANDARDS 
There is a clea~ need to develop a p~og~amme of t~aining fo~ 
examine~s p~io~ to commencing g~ading. This should aim to equip 
examine~s with a tho~ough unde~standing of the g~ade ~equi~ements 
developing both consistency and consensus among the grading team. 
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The development of a pictorial standards manual with the broad 
support of those with powers of audit would go some way towards 
establishing consensus on an industry-wide basis and give overall 
guidance to packhouse managers and supervisors in training staff and 
maintaining standards. 
An experimental programme of training in such knowledge is the 
subject of Chapter 2. 
1.14.2 APPLICATION OF THE STANDARDS 
1.14.2.1 MODE OF PRESENTATION 
Hillen (1985) has highlighted the problems of searching rolling 
apples for defects. Reducing the speed of throughput improves the 
likelihood of detection but represents a cost in terms of reduced 
output. 
An alternative solution to these problems of search might be found 
via stationary grading of apples and a series of experiments are 
reported in Chapter 4 whereby continuous and stationary grading of 
apples are compared whilst overall throughput is maintained. 
1.14.2.2 GRADING STRATEGY 
A more reactive approach to the day-to-day grading strategy 
adopted at the examining table should contribute to alleviating the 
task of the examiner and lead to lower rates of action depending upon 
the grade-out of the fruit. This is a relatively simple adjustment to 
the line operation and could be monitored by a supervisor on the basis 
of pre-grade sampling. 
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1.14.2.3 DEPLOYMENT OF EXAMINERS 
Further examination of the methods of deploying examiners at the 
packing table is required. This is reported in Chapter 4. 
1.14.2.4 SELECTION OF PERSONNEL 
A more rigorous approach to selecting the most suitable staff for 
examining apples is desirable. Undoubtedly, there are differences in 
performance between examiners both in their knowledge and application 
(on-line) of the standards. The possibility of developing a suitable 
test of selection for examiners is considered in Chapter 3 • 
• 
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2.1 LOGICAL STRUCTURE OF THIS CHAPTER 
A review of the inspection training literature is followed by a 
discussion of the essentials of a suitable training scheme for apple 
graders, and its subsequent development is then outlined. A pilot 
study was undertaken at Loughborough University, using students, in 
this initial development. The pilot study is reported in Section 2.7.2. 
The resulting training scheme was then taken to a commercial packhouse 
for testing, and this is reported in Section 2.7.3. Some changes were 
then introduced, and the training scheme was then tested again, at 
another packhouse. A return was then made to the first packhouse, to 
carry out a further round of training. This is reported in Section 
2.7.5. 
The investigations form a logical sequence, so the results of each 
are discussed before the next investigation is introduced. General 
conclusions and recommendations are then stated. 
2.2 INSPECTION TRAINING - A REVIEW OF THE LITERATURE 
Training for inspection is very much a neglected area of study 
both in industrial applications and in inspection research. This is 
regrettable if one considers Embrey's (1979) claim that the 
improvements to a quality control system through operator training are 
often much greater (and more cost-effective) than can be achieved by 
other applications of ergonomics to inspection. 
A contributing factor is the paucity of detail contained in 
reports of industrial applications of training programmes, often 
"accompanied by enthusiastic claims for cost savings" (Wiener, 1975). 
Tanalski (1956) reported on a training programme in the aircraft 
industry but provided no data, while claiming training paid for itself. 
Thresh and Frerichs (1966) claim a 100% gain in accuracy, 80% gain in 
productivity and a cost reduction of $210,000 for an investment of 
$48,000 through training. 
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More pertinently, Stevens (1970) used task practice with feedback 
to train apple inspectors while Harris and Chaney (1969) show 
improvements from both on-the-job training (complex machined parts) and 
job sample training (photo masks) all without detailing the training 
procedure. 
Embrey (1979) attributes the general lack of interest in this area 
to industrial perceptions of inspection as non-productive, with 
ill-founded assumptions of inspection skills and the undervaluing of 
the primarily perceptual skills of inspection. He urges that 
"training ••••• should be directed towards emphasising the importance of 
the inspector." 
This is an important point for apple inspection. Mention has 
already been made of the subordinate role of quality inspection vis a 
vis throughput and this is reflected in the status of the examiners job 
which is remunerated at the same level as other grading line jobs such 
as packing. The failure to recognise and adequately recompense the 
skills of the examiner can only contribute to poor grading through lack 
of motivation. 
In some respects, increasing automation is emphasising the 
importance of training for jobs which involve cognitive decision-making 
and recognition skills. Furthermore, Czaja (1980) has remarked on the 
growing importance of the quality control function in the face of 
stringent product liability laws, particularly in the U.S. 
Some industrial studies have provided more details of the training 
regime employed. In general, these programmes have been based upon a 
system of feedback via knowledge of results (KR) or cuing. Annett 
(1961) defines KR as "knowledge which an individual or group receives 
relating to the outcome of a response or a group of responses" Czaja 
(1980) asserts that "knowledge of results is fundamental to learning; 
indeed learning is not 'trial and error' but trial, error and 
feedback." 
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Tiffin and Rogers (1941) use KR to good effect when training 
inspectors in a tin plate mill, achieving a general improvement for 
experienced staff and a more uniform application of standards for new 
recruits. Wiener (1963) used the technique successfully in a 
monitoring task akin to inspection. Chaney and Teel (1967) introduced 
both a training programme and improved visual aids for machined parts 
inspectors, achieving a 32% increase in defects detected from training 
alone and a 71% improvement when combined with visual aids. 
Knowledge of Results has been shows to be an essential requirement 
for almost all types of learning with motivational, reinforcement and 
information effects. Certainly, the training of the inspector, 
particularly for difficult perceptual discriminations, requires a high 
degree of understanding of the nature of the signal (i.e. 
informational). 
Thomas and Seabourne (1961) and Thomas (1962) have used feedback 
to aid the inspector in building his own standard for a defect through 
what they have termed 'contextual information'. They argue that an 
inspector must develop a model of perceptual organisation which 
delineates the boundaries between defective and effective items. They 
also stress the importance of the inspector understanding the 
underlying manufacturing process in order to assess defects. 
These ideas are akin to Annett's (1966) notion that training a 
monitor consists of building a mental template by which to judge 
signals and non-signals. This template is an internal representation 
of the defining characteristics of defective items. 
Gibson (1953) suggested that perceptual learning may occur via 
different mechanisms than those operating in motor learning. Annett 
and Clarkson (1964), and Annett and Paterson (1966), (1967) proposed 
that perceptual learning took place via the simple pairing of a 
stimulus and its name, implying that an overt response on the part of 
the trainee is not really necessary. 
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Consequently, 'cuing' has been advocated as an alternative to KR, 
whereby each trainee is 'cued' as to whether the next presentation is 
to be a 'signal' or 'non-signal'. Annett and Paterson (1967) found 
that cuing and KR were equivalent in their training effect when they 
provided the same degree of information. 
The application of any programme of perceptual training has 
generally followed one of two basic approaches: the 'whole' method 
whereby the complete perceptual task is presented, or alternatively, 
the 'progressive part' method where each separate aspect is introduced 
and then synthesised. Whichever approach is employed, several studies 
have emphasised the importance of using real or valid training material 
throughout (Wallis 1963, Gibson 1953, Mackie and Harabedian 1964). 
An extensive comparison of the two approaches by Annett (1971) in 
a sonar recognition task found no particular advantage between them 
although Gibson (1947) and Allan (1957, 1958) give conflicting support 
to one or other approach, while Salvendy and Seymour (1973) favour the 
progressive part method. 
Annett (1971) also reported no significant advantage in ordering 
material in terms of difficulty but found simple verbal instructions 
useful. Furthermore, he maintains that learning can occur simply by 
exposure to the material to be learnt. This is confirmed in laboratory 
simulations of inspection tasks by Smith and Adams (1971) and Lion et 
al (1968) where learning effects occurred without any specific 
programme of training. 
Prior to embarking upon the design of any training scheme there is 
general agreement on the need to conduct a job task analysis prior to 
programme formulation (Annett 1967, Embrey 1979, Drury 1978). Several 
classification schemes have been proposed for analysing inspection jobs 
(Raphael 1942, Seymour 1966, Harris and Chaney 1969, Quality Engineer 
1969, Annett and Duncan 1967) but without sufficient penetration to be 
useful in analytical training. 
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Drury (1978) proposes an analysis involving four inspection 
components: 
(i) Presentation of pre-selected items for inspection. 
(ii) Search of the item to locate possible faults. 
(iii) Decide whether each fault is sufficiently bad to be 
classified a fault. 
(iv) Take the appropriate action. 
Tasks (i) and (iv) are typically manual skills while task (ii) is 
a search task for which training, in the sense of altering scanning 
strategies is notoriously difficult (Gottsdanker, 1960) although 
practice does produce improvements in performance (Baker et al 1960, 
Drury and Clement 1978, Bloomfield 1970, Stevens, 1970). 
The decision task (iii) requires both a judgement of the magnitude 
of the fault, shown by Annett (1966) to be trainable by practice with 
feedback on successively finer discriminations and by Czaja (1980) 
using circles of different diameters to encourage finer size 
discrimination, and a judgement of whether it meets the given 
standards. 
Fault standards may be learnt through the pairing of stimulus and 
name (Annett and Paterson, 1966, 1967). Brock, Wells and Abrams (1974) 
used a tape/slide presentation during a highly successful training 
programme for radiograph examiners, introducing each defect type and 
later requiring students to individually identify types with full KR. A 
self-administered test permitted a student to move on to the next 
module. Martinek and Sadacca (1965) used an error key of 'most likely' 
faults to train photo-interpreters, while Cockerell and Sadacca (1971) 
showed the effectiveness of KR in a team context where members first 
inspected a photograph and then discussed their results together 
immediately. The greatest gains in proficiency were made by the least 
able members of the team. 
While several studies have reported significant improvements in 
inspecting performance as a direct result of training, none have 
attempted to follow up the permanency of these effects over time, 
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merely paying lip service to the need for regular re-training, usually 
of much briefer duration than the initial programme. Evans showed that 
improvement in micrometer accuracy had to be maintained by periodical 
doses of supervised practice, each measurement being immediately 
checked. Where inspectors are required to apply a set of quality 
standards, the problems of 'drift' are inevitable and likely to be 
substantial given the many influences encountered by inspectors such as 
group conformance, 'probability matching', defect cycles (McKenzie, 
1958). 
It seems clear from the inspection training literature that 
training for search/perception given (in this case) the constraints of 
time and money is unlikely to achieve improvements superior to those 
arising from task practice in the short term. Considering the search 
studies of Hillen (1985) for apple inspection, this is not an 
unreasonable assumption. 
Shiffrin and Schneider's (1977) comprehensive investigation of 
automatic detection and response processes found these to develop 
"following consistent mapping of stimuli to responses over trials". 
They suggest that "since an automatic process utilizes a relatively 
permanent set of associative connections in long-term store, most 
automatic processes will require an appreciable amount of training to 
develop fully. 
It is evident that for the 'judgemental' component of the 
inspection- task the trainee must be allowed to develop a mental model 
or template of the characteristics of good and bad product, and this 
development should be strictly controlled via training and not 
haphazardly solely through experience. This 'template' might be 
successfully developed by extensive exposure to authentic examples of 
defects or non-defects. Both KR and cuing would appear to be equally 
effective in this, as are the whole or progressive part approaches. The 
instructional style adopted should be simple and deal with only one cue 
at a time. 
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Some account should be taken of the permanency of training 
effects, and the need for and content of periodic re-training sessions. 
With the operation of a comprehensive set of quality standards for the 
inspection of apples and the influence of grading large throughputs via 
a conveyor system, on their application this latter point is of 
particular importance. 
2.3 DEVELOPMENT OF THE TRAINING SCHEME 
From the task analysis reported in Chapter 1, and particularly the 
conclusions and recommendations in Sections 1.13 and 1.14 in that 
chapter, together with a review of the literature, several key factors 
were used in the development of the training programme. 
Firstly, training should concentrate upon the judgemental and 
recognition aspects of the examiner's task, leaving the search/percep-
tual elements to develop naturally. The decision not to include the 
latter was based upon practical considerations; (a) the training of 
search/perceptual skills is a long-term exercise (Low, 1951; Shriffrin 
and Schneider, 1977), (b) the placement of the apples on the grading 
table is very variable, except in full flow conditions, (c) because of 
this a comprehensive study was outside the scope of the resources 
available. 
Secondly, training should seek to arrive at a consensus among 
examiners in correctly interpreting and applying the standard, rather 
--------than to merely teach the written rule of the standard. This is 
essential because of the wide variety of defective apples that an 
examiner may encounter for which the written standard is less than 
specific. 
Thirdly, and in conjunction with the last point, training cannot 
be undertaken without broad agreement of interpretation of the 
standards for each apple grade across those bodies with responsibility 
for quality control and with power of audit. Real apples, by virtue of 
their perishability, can only perform a limited role in establishing 
this consensus on an industry-wide basis. What is required is a 
standard set of apples, reflecting a broad variety of apple quality 
95 
attributes and defects upon which broad agreement as to their present 
grade class has been established, which would serve as a training 
standard both across time, as well as between different packhouses and 
different grading schemes. For these reasons, photographs of apples 
may be appropriate. 
Fourthly, through the use of both photographic and 'real' 
materials, training should seek to develop an internal mental template 
of the quality standards employing either KR and cuing to promote 
learning. In view of the likely range of trainee aptitude, a 
part-method with synthesis approach was felt to be appropriate with 
periodic self-testing during the programme. In order to keep the 
programme 'trainee-centred' a simple instructional style with 
occasional verbal prompting should be adopted with the maximum 
available time devoted to exposure to visual materials. 
Fifthly, the duration of any training scheme would be limited to 
one half-day, or about 3-4 hours. The research sponsors (MAFF) deemed 
that such a duration of training scheme would be more readily taken up 
by packhouses, and would be cost effective. Although doubts were 
expressed by the researcher about the constraints this would impose 
upon the extent of learning, the sponsors view prevailed. 
Sixthly, training would be based on the EEC standard, and private 
schemes should be ignored unless they are demonstrably of equivalent or 
higher standard than the EEC standard. 
Seventhly, the training materials and programme should prove 
flexible and adaptable to meet the requirements of different packhouses 
with different grading problems, so that the programme of training 
could be readily restructured giving due weight to their site-specific 
problems. 
Eighthly, the importance of size discrimination is embodied within 
the written standard, with examiners being expected to distinguish 
apples by blemish or colour surface areas, so due account of this skill 
should be taken in the training scheme. 
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Finally, account should be taken of the permanency of any training 
effects that arise in order to determine the frequency and duration of 
retraining when necessary. 
2.4 THE TRAINING SCHEME 
A description of the training scheme used during four experimental 
trials is described below. The scheme comprises five sections: 
(i) Introduction 
(ii) Quality Standards 
(iii) Size Discrimination 
(iv) Training Packs 
(v) Question and Answer. 
Following Trials I and 11, alterations were made to the scheme as 
explained in the relevant section. This led to the exclusion of 
section (iii) above and the introduction of an amended approach to 
sections (ii) and (iv) above for Trials III and IV. 
2.4.1 INTRODUCTION TO THE TRAINING PROGRAMME 
The training session for all four experimental trials began with a 
common, general introduction, in which trainees were acquainted with 
the objectives of the work, the aims and necessity of operating a 
common quality standard for fruit within the EEC and the advantages to 
the industry as a whole. 
2.4.2 THE QUALITY STANDARDS 
2.4.2.1 DEFECT CLASSES: METHOD I 
Trainees were issued with a 'Standards Summary Sheet' handout (see 
Appendix IV (b)(d» and a plastic grading template. Using photographic 
slides of Cox apples the trainees were introduced to the five broad 
groupings of apple defect, (Bruise, Blemish, Shape, Colour, Other) and 
then to each defect type in turn. The requirement for each grade class 
was demonstrated, and in particular, what was acceptable at the margin 
of each class. Approximately sixty slide photographs were displayed. 
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The literature handout was used as a quick, step-by-step, 
easy-to-read guide, supplementing the visual and oral presentation. The 
plastic grading template allowed a physical representation of the size 
requirements pertaining to blemish surface area. 
At the end of this section, trainees were encouraged to pose 
questions. 
2.4.2.2 DEFECT CLASSES: METHOD 11 
This was developed owing to shortcomings in Method I, and was used 
in the later training trials. It was identical to Method I above, but 
with the addition of a short visual test, requiring trainees to 
identify the grade class of apples displayed on slide to ensure basic 
grading standards are understood at this stage by all the trainees. 
These apples were chosen to be clear, easily-identifiable members of 
their grade. 
2.4.3 SIZE DISCRIMINATION 
This section of the programme sought to develop the examiners 
ability to assess the maximum blemish areas allowed for each grade 
class into a 'mental' image or standard to assist grading in a real 
'line' situation. 
Working independently, each trainee was required to sort a pack of 
cards according to the size of a single black circle centred on each 
card (see section 2.5.2). The first (easy) pack contained ten circles 
of area 100 sq.mms. (i.e. the maximum area of blemish allowed on a 
Class I apple) and ten circles 75% larger in area. On successful 
completion, the trainee would sort a second pack of ten circles of 100 
sq.mms. and ten circles 35% larger, followed by a further pack with 15% 
larger circles. 
A further three packs corresponding to the maximum allowable 
blemish area for Class 11 (250 sq.mm.) with 75%, 35% and 15% larger 
circles respectively were sorted by each trainee. 
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The task constantly exposed the trainee to the maximum size of 
blemish allowed for each class and to sizes not acceptable and 
therefore downgradeable. 
2.4.4 THE TRAINING PACKS 
This formed the major part of the training programme. Two 
versions of the training packs were used; these are discussed below. 
2.4.4.1 TRAINING PACK METHOD I (KR) 
Working independently, each trainee worked through five packs of 
twenty photographs of apple defects mounted on cards, with the correct 
grade and (where necessary) explanation inscribed on the reverse. 
Trainees were required to assess each apple and compare their decision 
with the correct decision on the reverse. If the wrong grade was 
selected, the trainee would remove the card and return to it on 
completion of the pack. 
Each trainee worked through the five packs which were 
progressively more difficult but with each pack containing a broad 
range of defect types. Trainees were encouraged to use their 
literature aids and sizing template for the initial two packs, but to 
resort to unaided judgement thereafter. Where trainees did not agree 
with or understand the grade and explanation of the reverse, they were 
invited to raise this with the instructor. 
On completion of the five packs, trainees were required to 
consider .sixty real Cox apples which had been pre-graded by an external 
quality inspector (or HMI) and selected to reflect the five major 
groupings of defect. 
Trainees were encouraged to challenge the grade ascribed to each 
apple in the light of the training materials, and to discuss the 
relevant defect and class. 
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2.4.4.2 TRAINING PACK METHOD II (KR AND CUING) 
Again, this was introduced because of shortcomings discovered in 
method I during the trials. Trainees were seated around a table with 
the instructor present. The five original training packs were divided 
into two packs of fifty cards, both packs broadly similar and ordered 
in terms of increasing difficulty. 
Each trainee, in turn, was presented with a photograph of an apple 
containing defects and the group as a whole was asked to attribute a 
grade to the apples. This served to provoke a range of responses, 
allowing the instructor to identify strengths and weaknesses among 
different trainees in their knowledge and interpretation of the 
standards, and to justify for all the trainees as a group, the grade 
inscribed on the reverse. 
The fifty cards of the first pack were used as above. The second 
pack of photographs was then employed to elicit an individual, unaided 
response from each trainee, in turn, and required the trainee to 
justify his/her decision in terms of the quality requirements. Once 
again, differences of opinion (for the marginal apples) were 
entertained and guidance given to achieve consensus. Where an 
individual trainee displayed a poor understanding of a particular grade 
requirement, the instructor would reiterate the relevant grade standard 
and re-test the trainee at a later opportunity. 
On completion of the fifty cards to the instructor's satisfaction, 
the trainees were required to consider sixty real apples, which had 
been pre-graded. Discussion of the grades afforded trainees the 
opportunity to transfer what they had learnt to real apples and to 
overcome any shortcomings of the photographic materials. 
2.4.5 QUESTION AND ANSWER SESSION 
The final section of the training programme involved a question 
and answer session both to rehearse what had been learnt and to 
highlight problem areas. This was also an opportunity for trainees to 
make constructive criticisms of the programme and materials and for the 
instructor to gain a subjective assessment of its worth. 
100 
2.5 TRAINING MATERIALS 
Examples of all the materials discussed below are in Appendix IV. 
2.5.1 APPLE PHOTOGRAPHS 
An ungraded consignment of approximately 2,500 apples (Cox Orange 
Pippin) was obtained from a packhouse in Worcestershire, which graded 
apples from many different farms. From this, approximately 300 apples 
were selected representing a broad range of apple defects of varying 
severity and extensiveness as outlined in the EEC Standards for Fresh 
Apples. Apples were selected in order to present trainees with a 
complete range of defects and not just those peculiar to their own 
farm/packhouse. For example, apple colouring (redness) was represented 
across the whole range of redness, in addition to-streaked colouring or 
unusual colouring (such as purplish-brown redness). 
Apples were photographed onto both negative and slide colour film, 
producing approximately sixty different slides, and one hundred and 
eighty different apple photographic prints. These prints were mounted 
lifesize onto 100mm x 100mm card. Each defect or combination of 
defects occurring on each apple was centred on the photograph with the 
obvious exceptions of shape and colour defects which were oriented to 
accentuate their severity. 
As it was intended to conduct experimental programmes at two 
different packhouse sites - one operating to Co-operative standards, 
whilst the other adhering to the minimum EEC standard - the photographs 
were submitted for vetting and grading and suitability for experimental 
use by both a Co-operative Quality Inspector and a MAFF Horticultural 
Marketing Inspector (HMI). 
This obviated the problems presented by the Co-operative grading 
scheme which purportedly operated standards above the minimum required 
by the EEC, particularly in the case of Class 11. 
Overall, approximately 50% of the training packs concentrated on 
apple blemishing, 30% on colour defects, 10% on shape and 10% on a 
variety of other defects. This was based upon MAFF advice. 
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Fifty slides were used for quality standards training (see Section 
2.4.2) while the card-mounted prints were used in the training packs, 
(see Section 2.4.4). These prints were divided into packs of 20 cards, 
each pack becoming progressively more demanding in terms of grading 
knowledge and interpretation, but each containing a similar variety of 
defects and combinations of defects. The remaining prints were used 
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for tests before and after training. These tests are discussed later. 
2.5.2 SIZE DISCRIMINATION CARDS 
A computer graphical plotter was used to describe circles centred 
on a 200mm x 200mm white background, corresponding to the maximum areas 
of blemishing allowed for each class of apple, namely 100 sq.mms. and 
250 sq.mms. for classes I and 11, and circle areas 15%, 35% and 75% : 
larger than these maxima. 
Ten copies of each area were produced and the circle coloured 
black and mounted onto card. The area of the background to the circle 
was deliberately large to prevent trainees using the borders to help 
determine the circle size. 
2.5.3 COX APPLES FOR TRAINING 
Fifty apples were selected at the packhouse where the subjects 
were employed, again containing a variety of defects in similar 
proportions to the photographs. Apples were pre-graded by an HMI or by 
an experienced Quality Inspector from a co-operative marketing 
organisation. 
2.5.4 GRADING TEMPLATES 
These were manufactured from perspex and were broadly similar to 
templates used by co-operative Quality Inspectors (Fig. 2.1). The 
template was 100mm x 60mm with three holes bored in the plate of 
diameter 12mm, 18mm and 25mm corresponding to the maximum allowable 
blemish areas for Class I, 11 and III apples. On three edges of the 
plate, insets were cut of lengths 20mm, 40mm and 60mm corresponding to 
the maximum allowable elongated blemish for Class I, 11 and III apples. 
Each hole in the plate was identified for class by the Roman Numerals 
I, 11 and Ill. 
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2.5.5 GRADING DOCUMENT 
A 'Standards Summary Sheet' was compiled in a 'Yes' (acceptable 
for this grade class) - 'No' (unacceptable for this grade class) format 
to aid assimilation of the grade requirements and to avoid excessive 
reading material given the constraint of time. The first page 
consisted of a general introduction to the standards and the main 
features of the apple for which standards apply, while two subsequent 
pages elaborate the specific requirements for each grade class. 
2.6 MEASURES OF PERFORMANCE USED IN TRIALS 
Two measures were used: % correct decisions, and a 'penalty 
points' measure, which is intended as a measure of the seriousness of 
the wrong decisions (i.e. misgradings) made by the examiners. 
2.6.1 CORRECT DECISIONS 
This measure is calculated as the ratio of correct grading 
decisions to all grading decisions, expressed as a percentage. This is 
a s·tandard measure used widely in industry (Sinclair, 1979), and has 
the advantages of measuring directly how well an examiner is 
performing, and of being an intuitively reasonable measure to the 
examiners who are being measured. However, it takes no cognisance of 
the types and distributions of errors made. 
2.6.2 PENALTY POINTS 
This measure was developed to complement the correct decisions 
measure discussed above. The purpose of this measure was to arrive at 
a single figure which would express the extent and severity of the 
errors made by examiners. The errors an examiner can make are to 
downgrade an apple by one or two classes, or to upgrade an apple by one 
or two classes. The extent of these errors can be measured easily by 
counting the frequency of errors in each of these classes. The 
severity of these errors is a different matter; for example, how much 
worse is it for a Reject apple to be graded as Class I, compared to a 
Class I apple being graded as a Reject? 
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However, once this problem has been solved, it is a simple matter 
to produce a single figure by multiplying the relative severity of a 
particular category of error by the number of errors in that category, 
and then summing all categories together. This produces the penalty 
points measure. Higher scores on such a measure represent an increased 
probability of a bad outcome for the grower. 
The problem of relative severity of errors was solved by the use 
of subjective estimates, in the absence of objective, economic data. 
Three groups of subjects were approached. These were growers, 
MAFF/ADAS personnel, and retailers. There were 6 growers, 13 ADAS/MAFF 
personnel, 4 HMIs, and 4 retailers. Each was asked to consider, as a 
baseline, the longterm consequences to the industry of Class I apples 
being graded as Class II. This error was then allocated a severity -
rating of 10. The subject was then given another error category, for 
example Class I graded as Reject, and was asked to give this a severity 
rating, bearing in mind the rating given to the baseline category. 
Having completed all the categories, the subject was then given ample 
opportunity to change the ratings as desired. These ratings are shown 
in Table 2.1. An example of the grid sheet explaining the process and a 
completed grid are in Appendix V. Comparisons were then made between 
the three groups; no significant differences between their ratings 
emerged. Therefore an average rating for each category for all 
subjects was calculated, as shown in Table 2.1. 
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TABLE 2.1 Ratings by MAFF/ADAS personnel, growers, and retailers, of 
the perceived severity of grading errors, given that a 
downgraded Class I apple to Class 11 represented a severity 
of 10 points 
Downgrades Upgrades 
Class I to Class I to Class II to Class II to Reject to 
Class II Reject Reject Class I Class II 
Reject t 
Class I 
----------------------------------------------------------------------------------
GROWER 10 100 100 25 100 100 
" 
10 100 50 50 70 200 
" 
10 100 50 100 100 150 
" 
10 30 20 5 20 30 
" 
10 30 10 20 20 50 
" 
10 100 70 5 50 100 
ADAS/MAFF 10 20 10 5 5 20 
" 
10 100 60 10 40 200 
" 10 100 100 50 100 100 
" 
10 35 18 25 25 50 
" 
10 70 20 30 20 100 
" 
10 25 15 5 5 10 
" 
10 20 10 10 15 20 
" 
10 20 10 20 10 20 
11 10 30 30 20 20 30 
11 10 5 5 30 30 90 
11 10 30 10 10 20 50 
, 10 50 40 20 20 30 
" 
10 30 20 10 10 30 
HMI 10 60 40 20 80 100 
" 10 40 30 50 80 100 
" 10 30 20 40 60 100 
" 10 50 30 50 100 100 
RETAILER 10 15 15 12 15 20 
" 
10 50 50 100 100 150 
" 10 30 20 30 20 50 
" 
10 40 70 100 100 300 
----------------------------------------------------------------------------------
Average 10.0 48.5 34.2 31.5 45.7 85.2 
----------------------------------------------------------------------------------
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2.7 EXPERIMENTAL TRIALS 
2.7.1 CHRONOLOGY OF TRIALS 
Four experimental programmes of training were undertaken. 
PILOT STUDY - An initial study involving ten (5 test, 5 control) 
naive students. This represented a 'dry-run' for the field 
programme, permitting an evaluation of the materials upon 
inexperienced subjects. 
PACKHOUSE 7(a) - a half day (am) training session involving ten (5 
test, 5 control), female examiners/packers of varying experience 
intended to test under field conditions the training package 
resulting from the pilot study. 
PACKHOUSE 8 - a half day (am) training session involving ten (5 
test, 5 control) male and female examiners/packers. This was 
intended to evaluate changes to the training programme as a result 
of the outcomes of the previous study in Packhouse 7. 
PACKHOUSE 7(b) - a half day (pm) training session involving four 
female examiners (no controls). These examiners were a subset of 
those in Packhouse 7(a) above, and the trial occurred at the same 
Packhouse. This was intended to demonstrate that the training 
programme would produce significant improvements in performance. 
2.7.2 EXPERIMENTAL TRIAL I - PILOT STUDY 
2.7.2.1 SUBJECTS 
Ten female students were recruited from within the University. 
Although a degree of learning is involved in training which may tend to 
favour students, none of the subjects had prior experience of apple 
grading. They were required to complete fairly practical tasks to 
assess training effects. 
2.7.2.2 PROCEDURE 
The subjects were divided into two groups of five by random 
allocation. The test group undertook two tests of knowledge of apple 
grading, outlined below, before receiving the training programme 
detailed in Section 2.4 including Training Pack method (i). This was 
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completed in approximately three and one half hours. Following a brief 
rest (twenty minutes), subjects undertook, once more, the two tests 
below. 
The control group also undertook both tests before and after, but 
did not receive the formal training programme. Instead, only a cursory 
introduction to the standards was given, similar to that given at 
packhouses. 
2.7.2.3 TESTS OF PERFORMANCE 
Task A - Required subjects to sort seventy life size photographs 
of Cox apples each containing either a single, obvious 
defect or a combination of obvious defects, into their 
respective classes (I, 11 or Reject), without time limit. 
Approximately 50% of the photographs contained 
bruising/blemishing defects, 20% colour, 15% shape, 15% 
other, and some 20% of these were combined faults. In 
addition, approximately 20% of the cards were Class I, 
50% Class 11 and 30% Reject. 
Task B - Identical to Test A except subjects were allowed only 140 
seconds to sort the photographs and undertook a practice, 
pacing task prior to the test. 
2.7.2.4 RESULTS 
The effects of training are assessed by changes in both correct 
detections, and error penalty points (described in Section 2.6.2) for 
both Tasks A and B. 
Table 2.2 presents the results. It will be seen that the trained 
and control groups were roughly comparable before training, but that 
the trained group showed marked improvement in performance after 
training, both in correct decisions and in the reduction of error 
points (i.e. a net reduction in the seriousness of their errors). The 
improvement in the trained group is statistically significant at 
p<0.05. 
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The table conceals the fact that, considering Task A as an 
example, the improvement comprises 48% of incorrectly-graded cards now 
graded correctly, and 21% of correctly-graded cards now graded 
incorrectly. Hence, the improvement is a net improvement, not an 
absolute one. Table 2.3 indicates this together with results for the 
subsequent studies. 
TABLE 2.2 Results of pilot experiment in training. A total of 10 subjects took part,S in a training group 
and 5 in a control group. The task was to. grade photographs of apples, paced and unpaced. 
Task Average % correct % change Average penalty points 
Before After Before 
training training training 
-Trained group x 47 67 42 119' 
A s 5.4· 5.4 20.2 
-Control group x 50 49 -2 108 
s 5.8 2.8 20.2 
-Trained group x 43 69 60 146 
B s 7.5 6.4 32.4 
-Control group x 45 42 -6 134 
s 4.7 7.6 21.4 
NOTE:-
(i) Task A - 70 photographs of Cox apples graded in subject's own 
time 
Task B - 70 photographs of Cox apples graded in 140 secs. 
(ii) Penalty points - see Section 6.5.2. These measure the relative 
seriousness of errors 
After 
training 
70 
16.8 
109 
9.5 
62 
15.3 
140 
27.8 
% change 
41 
-1 
58 
-4 
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TABLE 2.3 Positive and negative effects associated with the training 
of examiners in EEC quality standards, as measured by 
correct detections. 
TASK A - 60 APPLE PHOTOGRAPHS 
-----------------------------------------------------------------------------
Experimental 
Group 
Before training 
% cards correct % cards 
After training 
% cards % card~ 
newly correct newly wrong correct 
-----------------------------------------------------------------------------
I Pilot Study 47 30 10 67 
Il Packhouse 7(a) 56 18 14 60 
III Packhouse 8 60 25 17 68 
IV Packhouse 7(b) 59 25 14 70 
-----------------------------------------------------------------------------
TASK C - GRADE 50 APPLES OFFLINE 
11 Packhouse 7(a) 
III Packhouse 8 
65 
60 
13 
18 
13 
12 
The level of agreement in grading the cards is presented in Table 
2.4 before and after training. Before training, all five subjects 
selected the same grade (regardless of whether the grade was correct) 
for only 16% of the photographs compared with 39% following training. 
Similarly, when considering only correct selections, 3% of the 
photographs achieved a unanimous, correct, grading before training 
increasing to 36% after training. 
65 
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TABLE 2.4 Percentage of 60 apple photographs (Task A) for which subjects were in 
agreement, and in correct agreement, before and after training. (Note 
that a minimum of 2 subjects must be in agreement in cols 2 and 3) 
Cumulative % of cox apple photographs 
Study No. of subjects In agreement In correct agreement in agreement 
Before After Before After 
training training training training 
I Pilot Study 5 out of 5 16 39 3 35 
4 out of 5 54 73 27 54 
3 out of 5 96 93 47 70 
2 out of 5 100 100 63 83 
I out of 5 
- -
81 96 
0 out of 5 - - 100 100 
Il Packhouse 7 (a) 5 out of 5 17 25 13 18 
4 out of 6 48 57 33 43 
3 out of 5 98 92 55 63 
2 out of 5 100 100 77 85 
I out of 5 - - 88 92 
0 out of 5 - - 100 100 
III Packhouse 8 5 out of 5 8 33 8 30 
4 out of 5 38 68 40 58 
3 out of 5 86 98 67 75 
2 out of 5 100 100 85 87 
I out of 5 - - 97 92 
0 out of 5 - - 100 100 
IV Packhouse 7(b) 4 out of 4 25 55 23 47 
3 out of 4 73 57 50 57 
2 out of 4 100 100 72 82 
I out of 4 - - 88 94 
0 out of 4 - - 100 100 
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2.7.2.5 DISCUSSION OF PILOT STUDY RESULTS 
The results of this experiment are encouraging for the training of 
apple examiners. Student subjects with no prior knowledge of apple 
grading or the quality standards achieved significant improvements in 
recognising and correctly classifying apple defects following a short 
training period. 
The seriousness of the errors committed was reduced in conjunction 
with the improvement in correct decisions. Whether required to grade 
under paced conditions or unpaced, subjects improved, more notably for 
the paced test where quick decisions were required. Given the 
conditions prevailing on a real grading line, this augurs well, 
particularly in the case of naive recruits to the task. Some 
'negative' effects (mentioned in the results) on the test material were 
noted, which might be attributed to the marginality of some of the 
photographs (i.e. bordering two grade classes). 
A major aim of· the training programme, besides improving the 
number of correct decisions, was to attain a greater consensus or 
agreement among the subjects in interpreting and applying the standards 
regardless of whether the decision was correct. This was achieved; the 
level of agreement rose from 16% of the photographs to 39%. How much 
further this can be improved may be constrained by the standards 
themselves and more specific grade requirements may be necessary to 
remove some ambiguities of interpretati.on. 
2.7.3 EXPERIMENTAL TRIAL 11 - PACKHOUSE 7(a) 
Some reservations about the time constraints imposed by Section 
2.4.3 (Size Discrimination) of the training programme were expressed, 
although it was decided to include this section for the following 
trial. 
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2.7.3.1 SUBJECTS 
Ten experienced female apple examiners/packers employed at an 
apple packhouse were recruited, see Table 2.5. The subjects were 
working to the grading standards operated by the Kingdom Marketing 
group. Five subjects underwent training, the other five were controls. 
2.7.3.2 PROCEDURE 
All experimental work took place at the workplace. In order to 
allocate the subjects to a training or control group, all ten subjects 
undertook an 'on-line' grading task (Task D) on an experimental rolling 
top grading table with real apples (outlined below). 
On the basis of correct detections, subjects were allocated to the 
two groups to achieve comparability of performance between the groups. 
The test group (five subjects) then undertook Tasks A, Band C 
(see below) before receiving the training programme detailed in 
Section 2.4, the quality standards method I and training pack method I. 
This was completed in approximately three and one half hours. 
Following a brief rest (20 minutes) subjects repeated Tasks A, Band C, 
to assess the value of the training. The following day, both groups 
repeated Task D, using the same apples. 
Following an interval of five weeks, the five trained subjects 
were re-tested on Task A. 
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TABLE 2.5 Description of subjects in Packhouses 7(a), 8, 7(b) by age 
and experience of packhouse work. 
Packhouse 7(a) - Training group 
Subject 
A 
B 
C 
D 
E 
Age 
29 
31 
39 
43 
36 
Experience (weeks) 
4 
20 
50 
12 
24 
Packhouse 7(a) - Control group 
NB. Four of these subjects also formed the Training group for the last 
experimental_trial, Packhouse 7(b), at a later date. 
Subject 
F 
G 
H 
J 
K 
Age 
38 
55 
57 
41 
37 
Experience (weeks) 
24 
160 
400 
200 
8 
Packhouse 8 - Training group 
Subject 
L 
M 
N 
P 
Q 
Age 
18 
39 
28 
22 
31 
Experience (weeks) 
1 
46 
6 
3 
2 
Packhouse 8 - Control group 
Subject 
R 
S 
T 
U 
V 
Age 
41 
65 
60 
48 
61 
Experience (weeks) 
5 
6 
48 
60 
3 
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2.7.3.3 TESTS OF PERFORMANCE 
TASK A - Identical to Task A for the Pilot Study (section 2.7.2.3) 
except only sixty of the original seventy photographs of Cox 
apples were used. (Ten problem photographs were removed). 
Crack and defect proportions were slightly altered. Subjects 
were required to sort the cards into classes, unpaced. 
TASK B - Identical to Task B (Section 2.7.2.3) for the Pilot Study, 
except again only sixty photographs were used and pacing was 
increased with the time limit reduced to 60 seconds or 1 
photograph per second to provide a speed task more akin to the 
demands of on-line grading. An initial practice run was 
included. 
TASK C - Required the subjects, in their own time, to grade fifty Cox 
Orange Pippin apples into their respective classes (I, 11 or 
Reject). The apples were pre-graded, like the photographs, by 
a quality inspector from the marketing organisation to which 
the packhouse was affiliated. The proportion of grades was 
similar to the photographs (i.e. I:II:R/22:50:28). However it 
was not possible to acquire identical defect proportions, and 
these reflected the quality of apples currently being graded 
by the packhouse. 
TASK D - This was an 'on-line' test of grading, with grading 
performance assessed by passing a 'target' set of 200 
pregraded (by an external Co-operative inspector) Cox apples 
down a portable, experimental grading table. (Diagram 1.2) 
Apples were obtained from current throughputs at the 
packhouse. The target set was preceded by a 'carrier set' of 
apples to lead in the target set. Subjects initially 
underwent a ten minute practice session. Both sets contained 
apples in the ratio 50:40:10 Class I:Class II:Reject. Conveyor 
throughput was set at 60 apples per min in line with Hillen's 
(1985) recommendation. 
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In both tasks involving real apples, all subjects graded the 
same set, as far as was possible. The apples were examined 
after each trial, and while apples sustaining damage 
sufficient to downgrade them were removed and replaced by an 
apple equivalent to its former condition, this was not a 
frequent occurrence. 
2.7.3.5 RESULTS 
The effects of training were again assessed in terms of correct 
decisions and penalty points, for Tasks A, C and D. Table 2.6 presents 
the results. There is a significant improvement due to training in 
Task A in the reduction of penalty points, but for the rest of the data 
there is no significant shift in the mean. For the standard 
deviations, which are an indirect measure of the amount of consensus 
among the examiners, the picture is confused. For Task C there appears 
to have been an alarming degree of disruption caused by the training 
method, whereas for Task D, which is much closer to online conditions, 
there has been a considerable improvement in consensus compared to the 
control group, even though their overall decisions do not seem to have 
improved. 
In Task B, where the subjects were required to grade photographs 
at a rate of per second, no subject completed the task after 
training, thus making the penalty points and correct decisions 
calculations void. Since this was likely to be a problem in the 
future, Task B was omitted from further consideration. 
A more appropriate analysis for consensus was carried out, as 
shown in Table 2.4 for Task A. The level of agreement showed a 
gratifying rise from 17% to 25%; the level of correct agreement rose 
from 13% to 18%. However, a similar analysis for Task C (Table 2.7) 
showed no improvement. 
TABLE 2.6 
Task 
A 
C 
D 
The average performance of experienced examiners at Packhouse 7(a) grading photographs 
unpaced (Task A), Cox apples unpaced (Task C), and Cox apples online (Task D). 
Average % correct Average penalty points 
Group Before Atter % change Betore After % change 
training training training training 
-Trained x 56 60 7 79 68 14 
s 5.3 7.0 13 .5 18.9 
-Trained x 65 65 0 54 49 9 
s 2.3 10.9 1.0 17.2 
-Trained x 56 57 2 274 262 4 
s 7.3 5.2 41.1 13.6 
-Control x 59 60 2 248 228 8 
s 3.3 7.5 49.4 37.6 
-
TABLE 2.7 
Packhouse 
7(a) 
8 
Percentages of 50 Cox apples for which there was agreement, and 
correct agreement, by number of subjects before and after training. 
N.B. In cols. I and 2, at least 2 subjects must be in agreement. 
Cumulative % of 50 Cox apples 
No. of subjects in agreement in correct agreement 
in agreement Before After Before After 
training training training training 
5 out of 5 22 20 20 20 
4 out of 5 58 58 50 46 
3 out of 5 100 100 72 70 
2 out of 5 86 88 
I out of 5 96 100 
0 out of 5 100 100 
5 out of 5 18 34 18 34 
4 out of 5 46 62 34 48 
3 out of 5 92 96 68 72 
2 out of 5 100 100 80 86 
I out of 5 90 92 
0 out of 5 100 100 
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The retest of the 5 trained subjects 5 weeks later on Task A (this 
being the only task with constant apples) found no significant change 
in the number of correct decisions, but there was a significant 10% 
increase in the penalty points for wrong decisions. This indicates a 
gradual loss in retention of knowledge over time and a need for 
retraining. Nonetheless, the level of knowledge was still better than 
that prior to training. These results, with others, are shown in Table 
2.8. 
TABLE 2.8 The permanency of training knowledge improvements for 
examiners sorting photographs of apples (Task A) a few weeks 
after training 
-----------------~-----------------------------------------------------
Study 
Packhouse 7(a) 
(Retest after 5 weeks) 
Packhouse 8 
(Retest after 4 weeks) 
Packhouse 7(b) 
(Retest after 1 week) 
x 
s 
x 
s 
x 
s 
% correct decisions 
After Retest 
Training 
60 
7.0 
68 
7.5 
70 
9.4 
61 
7.8 
65 
4.9 
64 
1.6 
2.7.3.6 DISCUSSION OF TRIAL II RESULTS 
Penalty points 
After Retest 
training 
68 
18.9 
56 
12.3 
48 
14.4 
75 
12.7 
66 
10.7 
66 
1.6 
The small improvements achieved in knowledge 
and interpretation of the grade standards as measured by both 
photographs and real apples contrast sharply with the improvements 
obtained by naive subjects in Experiment I - Pilot Study. 
Clearly as illustrated in Table 2.3, the negative effects in 
training experienced by subjects have contrived to nullify the positive 
effects. An explanation for these is proposed. 
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The training of experienced examiners must first involve breaking 
down previous conceptions of grading standards (which have been 
developed by examiners in a piecemeal fashion online and not through 
any course of instruction) before attempting to introduce a common set 
of quality standards to be accepted by all trainees. This has been 
found by George (1963) for inspectors in an engineering component 
factory, and he warns of the considerable efforts required to displace 
existing standards. 
This became clear at the end of the training session, when during 
the question and answer section of the programme, differences among the 
subjects emerged in regard to grade interpretation, with subjects 
citing their own experience of past advice to justify their grade 
selections. This was in spite of earlier encouragement to raise 
differences of opinion during exposure to the training materials. The 
differences of opinion are supported by the relatively poor improvement 
in full agreement by all trainees for the photographs in Task A (i.e. 
by all trainees for the photographs in Task A of 17 to 25%), compared 
to the naive subjects in the pilot experiment. 
As a result, several changes were made to the training programme 
for the experimental trials that follow, to attempt to enhance the 
displacement of preconceptions. These changes led to Quality Standards 
Method 11 (Section 2.4.2.2) and the Training Method 11 (Section 
2.4.4.2) which allowed the dissensions to be raised at an earlier stage 
and forced the group as a whole to argue and justify their 
interpretation of the grade for each item of the training materials, 
with the instructor as arbiter. An element of cuing was introduced to 
augment the KR approach used in earlier trials. 
In addition, it was decided to omit the Size Discrimination 
training (Section 2.4.3) for two reasons: 
(i) The considerable time involved in administering this section 
and 
(ii) Examiner reluctance to complete the section effectively. 
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Because of the change of emphasis towards breaking down existing 
standards held by examiners, it was felt that the available time would 
be more effectively utilised for the amended training pack section and 
Question and Answer Section. 
Finally, Task D is perhaps the 'acid test' of the training 
programme as it most closely resembles the real, on-line task. The 
failure to achieve any significant improvement for this task following 
training, over the control group is unfortunate but understandable 
given the limited size of improvements in the knowledge and 
interpretation tasks. Training may only have served to further confuse 
experienced examiners when required to grade apples under real 
conditions. This will be discussed further in the light of Experiment 
III Packhouse 8 (Section 2.7.4). 
2.7.4 EXPERIMENTAL TRIAL - PACKHOUSE 8 
2.7.4.1 SUBJECTS 
Ten apple examiner/packers (five male, five female) employed at an 
apple packhouse operating EEC standards were recruited. Experience 
varied (Table 2.5) with only one subject having received any previous 
formal training, holding an ATB Certificate in grading. Five subjects 
formed a training group, while five formed a control. 
Difficulty in obtaining suitable staff at this site to undergo 
training somewhat restricted the allocation to groups, which it was 
hoped to match in terms of correct decisions measured by Task D below. 
The implications of this are discussed later. 
2.7.4.2 PROCEDURE 
All experimental work was undertaken at the workplace. In order 
to allocate the subjects to a training or control group and to provide 
a base line measure of performance, all ten subjects undertook an 
'on-line' grading task (Task D) on an experimental rolling top grading 
table with real apples (see below). 
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Allocation to groups was constrained by the language difficulty of 
two subjects and clear experimental nervousness of two others affecting 
the administration of Task D. Consequently, these four subjects were 
confined to the control group. 
The test group then undertook Tasks A and C (omitting Task B for 
reasons given earlier in Section 2.7.3.4) receiving the training 
programme detailed in Section 2.4, Method 11. 
This was completed in approximately three and one half hours. 
Following a brief rest (20 minutes), subjects repeated Tasks A and C. 
The following day, both groups repeated Task D, using the same apples. 
Following a week interlude, subjects were re-tested on Task A. 
2.7.4.3 TESTS OF PERFORMANCE 
TASK A Identical to Task A for PACKHOUSE 7(a), using apple 
photographs. 
TASK C 
TASK D 
Identical to Task C for PACKHOUSE 7(a). A different set of 
fifty apples were used, but with identical class and similar 
defect proportions. 
Identical to Task D for PACKHOUSE 7(a) except a new set of 
Cox apples were used, graded by an HMI; again with identical 
class proportions and similar defect proportions. 
2.7.4.4 RESULTS 
The training effects are assessed in relation to their impact on 
correct decisions and error penalty points for Tasks A, C and D. 
Table 2.9 presents the average improvements following training of 
the five subjects for Tasks A, C and D, and the % improvement. Again 
there are no control groups for Tasks A and C. 
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For Task A (60 photographs unpaced), subjects demonstrated 
significant (p < 0.05) improvements for both mean correct decisions 
(13% increase) and the mean number of penalty points incurred (27% 
reduction). Similarly, for Task C, using real apples, the trained 
group improved on average by 12% (correct decisions) and by 31% 
(reduction in mean error penalty points). 
Table 2.3 examines these improvements on Task A more closely. 
Following training, the subjects on average improved on 62% of the 
cards (i.e. cards that were incorrectly graded prior to training but 
are now correctly graded - a positive training effect), but 
deteriorated on 28% of the cards (previously correct but now incorrect 
- a negative training effect). Consequently whereas 60% of the cards 
were correctly graded prior to training, following training this 
increased to 68% of the cards. 
Similarly, ·for Task C using real apples, following training, the 
subjects on average improved on 45% of the apples (i.e. apples that 
were incorrectly graded prior to training but are now correctly 
graded), but deteriorated on 20% of the apples (i.e. apples that were 
previously correct but are now incorrect). Consequently whereas 60% of 
the apples were correctly graded prior to training, some 67% were 
correct following training. 
In terms of 'consensus' or agreement among the five subjects, 
Table 2.4 shows that prior to training only 8% of the photographs were 
unanimously agreed upon (whether correctly or not), improving to 33% 
following training, and for correct agreement from 8% to 30%. 
Similarly, for Task C grading real apples, full agreement increased 
following training from 18% of the apples to 34% (in correct agreement) 
and 18% to 40% (correct and incorrect agreement). (Table 2.3). 
The re-testing of the trained group following an interlude of 7 
days (Table 2.8) shows a deterioration of correct decisions (5%) and an 
increase in error penalty points (18%), although this was still at an 
improved level to that existing prior to training. 
TABLE 2.9 
Task 
A 
C 
D 
The average performance of experienced examiners at Packhouse·, 8 
grading photographs unpaced (Task A), Cox apples unpaced (Task C), 
and Cox apples online (Task D). 
Average % correct Average penalty points 
Group Before After % change Before After 
training training , training training 
-Trained x 60 68 13 77 56 
s 4.4 7.5 10.6 12.3 
-Trained x 60 67 12 71 49 
s 7. I 4. I 15.0 7.4 
-Trained x 63 69 10 237 201 
s 3.3 3.8 45.7 30.2 
Control x 56 64 14 287 243 
s 6.8 2.5 22.8 14.0 
% change 
27 
31 
15 
15 
124 
For the 'on-line' Task D, once again, the improvements attained 
for the trained group were at least matched by the control group for 
both correct decisions and error penalty pOints. A clear disparity in 
the average performance for both groups emerged with the trained group 
achieving some 5-7 percentage points better performance in terms of 
correct decisions before and after training. 
2.7.4.5 DISCUSSION 
The improvements in knowledge and interpretation of the quality 
standards as measured by Tasks A and C are significantly better than 
those achieved for Packhouse 7(a). Whether grading photographs of 
apples or real apples, all subjects improved, both in terms of correct 
decisions and error penalty points. 
In addition, a large improvement in consensus grading occurred 
following the training session from a situation where only 8% of the 
apples were attributed the same grade by all the subjects. 
Nevertheless, despite training, only 33% of the apples received full 
agreement 
The apparent failure of these improvements to 'transfer' to the 
on-line Task D requires consideration. An average improvement of 10% 
(correct decisions) and 15% (penalty points) did occur following 
training, but this was more than matched by the control group (14% and 
15% respectively). 
This apparent 'practice' effect displayed by the control group 
confirms the observed nervousness and uncertainty, despite practice, 
displayed by the subjects allocated to the control group prior to 
training. One subject initially failed to cope with the rate of 
throughput and sought to block the flow. Bearing in mind that the 
'practice' effect for the control group at Packhouse 7(a) was only of 
the order of 2% (correct decisions), the 14% improvement attained by 
this control group is inordinately high and a reflection of the 
nervousness initially experienced. Longer practice than the ten 
minutes allowed may have rectified this problem, but was impossible 
within the time constraints imposed. 
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Furthermore, in support of this argument, control group 
performance, after the training session for the test group, only 
attained the level displayed by the test group before training. It is 
likely, therefore that a genuine improvement occurred as a result of 
training for the test group, although the size of this improvement is 
not easy to predict. 
Clearly, the changes made to the training programme following 
Packhouse 7(a) have been beneficial, with a concerted effort being made 
to break down previous conceptions of the grade standards and encourage 
consensus opinion. In spite of this, a large negative effect is still 
present serving to restrict the benefits of training experienced 
examiners. 
Again, some deterioration in performance can be seen after only 7 
days, but this is not surprising. 
2.7.5 EXPERIMENTAL TRIAL IV - PACKHOUSE 7(b) 
This was a return to Packhouse 7, using a different group of 
subjects. 
2.7.5.1 SUBJECTS 
This was a restricted experimental trial involving only four 
subjects, all female, experienced in apple examining/packing. The 
subjects were familiar with grading standards operated by the Kingdom 
Marketing Group which are based upon EEC standards. All four subjects 
were trained with no control group. It should be noted that these 
subjects comprised four out of the 5 subjects in the control group for 
Packhouse 7(a) study, in Section 2.7.3. No control group was possible 
in this study, because there were no remaining packhouse staff. 
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2.7.5.2 PROCEDURE 
The experimental work was conducted at the workplace. As 
mentioned above, this was a restricted trial with no' on-line , task D or 
real apple task C due to the logistical difficulties of organising 
these tests and obtaining objectively-graded apples through an outside 
body. Consequently, only Task A was administered prior to and 
following a training session of two hours duration. Task A was 
readministered after a 4 week interlude. 
2.7.5.3 TESTS OF PERFORMANCE 
Task A - identical to Task A, Packhouse 7(a) using apple 
photographs. 
2.7.5.4 RESULTS 
Following training, subjects improved their grading performance 
sorting photographs of apples by 22% (correct decisions) and 30% 
(reduction in error penalty pOints), as shown in Table 2.10. 
This improvement comprised a positive effect - 61% of the cards 
formerly incorrect but now correct and a negative effect - 27% formerly 
correct but now incorrect. 
Furthermore, following training, all four subjects unanimously 
agreed upon 55% of the apple photographs compared with only 25% prior 
to training. 
Some deterioration (5%) occurred following a four week interlude 
but performance remained superior to that prior to training 
(Table 2.8). 
2.7.5.5 DISCUSSION 
Once again, improvements in grading knowledge and interpretation 
as measured by Task A have been achieved following training. However, 
these improvements have again been constrained by the negative effects 
of training, arising, it is proposed, out of prior experience and 
knowledge developed haphazardly at the workplace, and not countered 
sufficiently by the programme of training. 
TABLE 2.10 The average performance of experienced examiners'at Packhouse 7(a) 
grading photographs unpaced (Task A). 
Average % correct Average penalty points 
Task Group Before After % change Before After 
training training training training 
-A Trained x 59 70 22 69 48 
s 11.2 9.4 24.4 14.4 
% change 
30 
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Training to achieve a degree of unanimity among the subjects has 
also proved relatively successful with more than twice as many apple 
photographs eliciting the same grade from all of the subjects as that 
before training. 
The deterioration after a four week interlude is not surprising 
and serves to highlight the need for some form of re-training and 
reinforcement at regular intervals. 
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2.8 GENERAL CONCLUSIONS 
Several important factors have emerged of significance to the 
training of apple examiners. 
Firstly, training has proven most effective in improving knowledge 
of interpretation of grades for those subjects with no prior experience 
of apple grading or the quality standards. While demonstrating 
significant 'positive' effects of training off-line, naive subjects 
have been least affected by the 'negative' effects which it is 
suggested have arisen, in this case, as a result of the ambiguity of 
interpretation inherent within the standards manifesting itself in the 
marginality of some of the training materials. 
This improvement is reflected in the degree of consensus or 
agreement among the trainees when ascribing grades to the apples with 
complete agreement on 40% of the apples following training from chance 
agreement prior to training of only 16%. 
For the experienced apple examiner, training has had mixed 
results. The difference in improvements between Trials II and III/IV 
are largely due, it is felt, to the changes made to the training 
programme following II, as a result of the clear need to break down 
existing pre-conceptions of the standards. 
In this respect, a combination of Knowledge of Results and Cuing 
was found to be superior to KR alone. The degree of information 
provided by the former approach (which involved the trainer to a 
greater extent) permitted a more comprehensive understanding of the 
materials and the illumination of 'grey' areas. The progressive-part 
method employed was well received by trainees although a more objective 
evaluation was not possible given the ambiguities inherent within the 
standards. 
The omission, at this stage, of size discrimination training, 
should not be interpreted as a rejection of its worth to inspection 
training but rather a concession to the changing emphasis of the 
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programme in the light of Trials I and 11. Nevertheless, trainers 
should be aware of the considerable time and effort involved in 
undertaking this form of training. 
It is evident that experienced staff will require a more extensive 
period of training to achieve that level of agreement from which 
overall improvements in correct decisions may be made. It is worth 
noting that none of the experienced groups achieved that level of 
agreement obtained by the naive subjects after training. Importantly, 
the recorded scores for the photographic materials were not dissimilar 
to the real apples used. This bodes well for the future development of 
photographic training materials for training apple examiners, although 
the need to use real and valid materials where possible cannot be 
overstated. 
Overall, the post-training average level of performance is still 
unsatisfactory. For real apples, only 65% and 67% were graded 
correctly on average at Packhouses 7(a) and 8 and a similar situation 
obtained for the photographic apples; this despite one very experienced 
examiner achieving 85% correct. 
Several explanations for this are offered. Firstly, the training 
period is too limited, and requires extending to a series of sessions 
to promote reinforcement and to 'breakdown' existing knowledge and 
pre-conceptions. Both George (1963) and Megaw et al (1981) have found 
this to be the case when assessing the training of experienced 
industrial inspectors. The subsequent 'shifts', only one week after 
training (discussed below) are further evidence of this. 
Secondly, the inherent ambiguities of the quality standards are an 
obstacle to consensus grading and serve to widen the marginal 
thresholds of the grade classes. 
Thirdly, and consequently, a proportion of test apples and 
photographs will unavoidably fall into these marginal regions leading 
to different grading. (This was particularly evident during training 
when subjects sought to justify their grade selections). How serious 
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this problem of marginality is from a consumer point of view is 
debateable, but for the examiner (and trainer) it presents severe 
difficulties. 
Some general indicators to the problem areas can be gained by 
analysing Task A (the apple photographs) for the field trials in 
Packhouses 7 and 10, by the five major defect groupings. These data 
are shown in Table 2.11. It is evident that while an overall 
improvement in correct decisions has occurred (57% to 65%), these 
improvements are mainly confined to the defect groups Bruise and 
Blemish and 'Others'. The two least defined groups, Colour and Shape 
exhibit almost no change. This is not unexpected, given the discussion 
in Section 1.3.2. 
The permanency of the training effects and knowledge of the 
standards are also constrained by this marginality and prior 
experience. All three experienced groups deteriorated after a matter 
of a few weeks. By working within the packhouse, examiners are 
susceptible to considerable 'drift' in standards by virtue of such 
factors as rate of throughput, throughput quality, management 
influence, imprecise standards, and many other contributory factors. It 
is evident that some form of recalibration training is necessary; 
weekly intervals using Task C seems sensible. This is supported by a 
subsequent interview with all experienced subjects suggesting that a 
brief re-training period (10-15 minutes), once per fortnight, would 
most effectively serve to curtail this drift. (Appendix VI). 
Considering the online grading task, despite the evidence of 
overall average improvements in knowledge and interpretation of the 
grade standards, and the greater degree of agreement among subjects, 
for both naive subjects and experienced apple examiners, the two 
experimental trials conducted at Packhouse 7(a) and 8 failed to 
demonstrate unequivocable evidence of a 'transfer' of this improvement 
to the on-line task of grading real apples. Several explanations for 
this are offered. 
TABLE 2.11 Performance on Task A (apple photographs) before and after training by defect group for 
Packhouse 7(a), 8, and 7(b). Data is % correct decisions. 
Packhouse 7 (a) Packhouse 8 Packhouse 7 (b) All Packhouses 
Defect type % of 60 cards Before After Before After Before After Before After 
training training training training training training training training 
Bruise 20 48 55 57 73 67 69 57 66 
Blemish 35 59 62 57 70 52 71 56 67 
Shape 12 43 54 49 40 50 46 46 46 
Colour 17 58 58 70 60 55 75 62 64 
Other 16 56 70 62 76 70 78 62 75 
Wtd. Average 56 60 60 68 59 70 57 65 
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Firstly, the development of the appropriate search and perceptual 
skills associated with inspecting tasks is a long-term exercise. 
Improvements in knowledge, as recorded away from the line, are unlikely 
to transfer to the on-line task because of the constraints imposed by 
search and the inadequate time to develop the necessary perceptual 
skills. 
Secondly, the quality standards themselves may not permit the 
examiner to "develop a model of perceptual organisation which 
delineates the boundaries between defective and effective items" along 
the lines expounded by Thomas (1962). This is not unsupportable given 
the 'negative' effects recorded during training for the off-line tests. 
Thirdly, for those examiners with many years experience of 
grading, the programme of training in the standards may disrupt any 
perceptual or 'automatic processing' skills they may possess. 
Alternatively, examiners may demonstrate improvements in their 
knowledge of the standards following training, but in the on-line 
situation, simply revert back to their original (incorrect) standard 
which facilitates the 'automatic' search and perceptual process. 
Shiffrin and Schneider (1977) have drawn attention to the great 
difficulty likely to be encountered in trying to suppress or alter such 
a process. This last point underlines the importance of developing the 
'mental template' for new examiners under controlled conditions of 
training and retraining and not haphazardly solely through experience. 
At the commencement of this chapter, it was acknowledged that the 
training of the search and perceptual skills associated with the 
decision-making process involved in grading apples was a long-term 
process and not within the scope of this study. It is clear from the 
above, that considerable effort will be required by trainers to effect 
transfers of training for apple inspection particularly where 
experienced examiners are involved. 
However, to assist such a process, it is essential that the 
quality standards employed are of such a precise and lucid nature as to 
permit and enhance learning, thereby avoiding unnecessary marginality 
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and as a consequence discouraging excessive drift. With regard to the 
last point, the need for regular re-training or recalibration exercises 
is worth restating. 
Further research in this area might consider the effects of 
training new recruits in the standards, the level of transfer to occur 
and the period over which search and perceptual skills develop. 
However, the stark logistical and experimental difficulties of 
assessing training effects in the field are always likely to prove 
formidable obstacles to be overcome. In this case, the limited number 
of suitable staff at each packhouse restricted the use of control 
groups to the on-line task D, although control groups were used for the 
off-line tasks A and B for the naive subjects where clear-cut 
improvements in knowledge and grading were demonstrated. 
Other constraining factors were, i) the need to avoid disruption 
of the commercial operation of the packhouse, ii) the need for 
objective external evaluation (and grading) of all test apples and 
other materials (a lengthy, painstaking task) on the day prior to the 
trial, iii) the perishability of the test materials, iv) absenteeism 
among subjects involved, v) financial considerations. 
Appendix XI calculates the marginal cost of training examiners to 
be approximately 0.043 p per kilogram graded. This represents 
approximately 0.1% of the market price. The net benefit to the 
packhouse is very much dependent upon the proportion of grade classes, 
the decision strategy adopted and most particularly, the propensity to 
reject defective batches by external agencies. 
Bearing in mind earlier reservations about the effectiveness of 
such agencies, the benefits of improved grading through training are 
likely to be illusory if allowances for out-of-grade fruit are not 
enforced. 
Finally, some comparisons between the tests of grading performance 
conducted in Chapter 1 and those conducted during the training trials 
are worth making, as far as this is possible. 
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In Chapter 1, on average some 52 subjects grading 810 apples 
misgraded 30% of the total (modal grade). In the training study (by 
re-analysing results using the modal grade as correct), some 10 
subjects at two packhouses grading 500 apples misgraded an average of 
27% (prior to training) (Fig. 2.1). Interestingly, when the external 
inspectors' grading is used to determine errors (as it was for the 
training trials), this average error becomes 38% which confirms the 
earlier assertion (Section 1.8.4.1) that the modal grade approach 
presents a "best possible case" in terms of grading errors off-line. 
For the 'on-line' tests of performance, the researchers' grade was 
used as the correct standard in Chapter 1, and the external inspector 
in the training trials. In Chapter 1, by sampling from the lines at 7 
packhouses some 873 apples, an average of 40% were found to be 
incorrectly graded. For the training trials at 2 packhouses, 20 
subjects grading 8000 apples were in error for an average 42% of the 
total. (These are not directly comparable due to the different 
'action' rates, and decisions strategies involved, although they 
provide an overall guide to the extent of the problem in grading 
apples). 
Fig. 2.1 
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2.9 RECOMMENDATIONS 
(As presented ·to the Research Sponsors) 
2.9.1 PACKHOUSES 
(i) Newly recruited examining staff should undergo a period of 
instruction, (the format of which is contained in Appendix VII) 
of at least three hours duration, in the quality standards 
operated by the packhouse prior to joining the grading line to 
encourage: 
(a) consistent agreement among all grading staff in applying the 
quality standards, leading to: 
(b) correct application of the standards, whatever the quality 
of the-apples involved. 
(ii) Staff currently employed by a packhouse, including management 
and line supervisors should undergo a more extensive programme 
of training in the quality standards in order to breakdown 
existing preconceptions. 
(iii) To maintain standards and to arrest the inevitable drift 
currently evident, a brief form of re-training should be 
undertaken, weekly. This might be one quarter hour in length, 
and be administered by the line supervisor prior to the 
commencement of the days' grading. 
A small sample (50 apples) should be obtained from the bins 
currently in store and due for grading, and an off-line grading 
and discussion exercise undertaken to ensure consensus of 
opinion and consistency in applying standards. 
(iv) While initial programmes of training should seek to effect a 
general understanding of the quality standards, the brief 
re-training (re-inforcement) sessions should be geared to the 
specific quality attributes and defects associated with 
consignments of apples currently being graded. 
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(v) Management must seek to introduce, encourage and maintain 
consistent application of the quality standards by actively 
promoting re-training sessions at frequent intervals. A common 
misgiving expressed by examining staff is the uncertainty 
experienced in applying standards which mayor may not have the 
approval of the packhouse management. 
Management must be seen to sanction the quality standards 
applied by examining staff through their involvement in 
re-training. 
(vi) Supervisory staff should be encouraged to avail themselves of 
any off-site training programmes conducted by the Agricultural 
Training Board or marketing organisations and the assistance of 
Horticultural Marketing Inspectors or Marketing organisation 
inspectors sought from time to time to oversee retraining 
sessions. 
2.9.2 A.T.B. 
(vii) There is a clear need to develop a comprehensive manual based 
upon the EEC standards for fresh apples which pictorially 
depicts the complete (as far as that is possible) range of 
quality attributes and defects and gives guidance to packhouses 
in determining the grade class of apples particularly at the 
margin or where the present quality standards are less than 
specific. 
Without such a document, based upon a broad consensus, the 
development of a commonly held minimum standard within the 
industry, by training will be impeded. Such a manual would 
serve not only as a guide to initial training but would provide 
packhouses with a comprehensive means of identifying and 
arresting a subsequent drift in the standards being applied. 
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(viii) It is recognised that the initial training of newly recruited 
staff is likely to be undertaken at packhouse supervisory level, 
, 
and in addition the periodic re-training (re-inforcement) 
sessions. To ensure that such staff are equipped to conduct 
this work, a programme of training for supervisory staff will be 
necessary bringing together representatives from area packhouses 
and perhaps including packhouse managers. 
(ix) The involvement of the Horticultural Marketing Inspectorate at 
this stage is desirable in order to bring packhouse and market 
closer together in their understanding and interpretation of the 
quality standards. 
2.9.3 M.A.F.F. 
(x) The current written quality standards pertaining to apples are 
formidable obstacles to effective training. Imprecision and 
ambiguity contribute to 'grey areas' and marginality for a 
significant number of apples leading examiners to adopt a more 
subjective interpretation of grades. Any opportunity to redraft 
the standards should take account of this. 
(xi) The grading of apples at current rates of throughput and 
rotation requires considerable search and perceptual skills. The 
training of these is a longer term undertaking beyond the scope 
of this work. Further research might consider the development 
of these skills. 
Note: The Agricultural Training Board is currently preparing a 
training programme for packhouse operatives based upon many of 
the recommendations contained herein and including the 
photographic training pack materials developed during this 
research programme. 
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3.1 INTRODUCTION AND LITERATURE REVIEW 
It is well known that selection and training are complementary 
functions within any organisation, and a very good discussion of this 
is to be found in Chapanis, 1970. However, as far as inspection is 
concerned, the situation is complicated by the fact that there appear 
to be no good selection tests that are universally applicable. 
In a comprehensive review of selection tests for inspection, 
Wiener (1975) states "the field is ripe for development of new 
industrial selection devices for inspection tasks" but subsequently 
concludes: "the generally discouraging, or at best inconclusive, 
picture which is conveyed by a review of individual and group 
differences, would recommend that those interested in improving 
inspection and monitoring performance look elsewhere". 
Much of the early work in this area sought to examine the 
predictive ability of such aptitude tests as card sorting, and number 
checking (Link, 1920) with most test scores validated against 
supervisory ratings (Table 3.1). In general, these tests showed high 
correlation with supervisory ratings but low correlations where 
measures of inspector accuracy were used. 
Several studies have compared visual capability with inspection 
tasks, reporting strong associations which are unsurprising in view of 
the visual element essential to inspection (Dorcus and Jones, 1950). 
The use of personality tests found favour throughout the 1950's 
and 60's but were used principally for vigilance-type tasks. Wiener 
(1975) was "unable to uncover a single case where personality tests 
were used to select inspectors". Given the disappointing results of 
much of this work (Table 3.2) with few studies showing clear-cut 
superiority between introverts and extroverts, the omens for inspection 
selection are not good. 
TABLE 3.1 
Author 
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Summary of aptitude and other tests 
(Taken from Wiener, 1975) 
Predictor Criterion 
Ch:mey and Harris 1966 5 tests, incl. HIT Errors 
H.u-ris 1964 
Harris 1968 
Kclley 1955 
lVIcKcnzie 1958 
HIT 
HIT 
Review of 16 pnpers 
Review of older papers 
Errors-4 tasks, and 
supervisor's 
ratings 
6 visual tasks 
Results 
-+ of 5 signif. Dest 2, 
R~0·75 
3 of 4 sig-nie. corre-
lation: no corrchrtion 
with ratings 
5 of 6 sign if. (max 
r~0·86) 
Low prcdicth'c \'alidity 
Nelson. and Darany 1969 Dynamic visual acuity Visual insp. errors r=0'84 
Tiffin and Rogers 1941 
Sartain 19-1-5 
Ghiselli 19+2 
Link 1920 
'Vyatt and Langdon 
1932 
Schuman 19+5 
Aye".1 9+2 
Reaction time Visual insp. errors r=0'03 
Review of 1940 era 
7 st~mdard industrial 
tests 
Numerous stnndnrd 
tests 
Card sorting 
4 tests 
Q,is Il (form A) 
1\ linn. paper form 
Bennett mcch. camp . 
..J. \'isuu! items 
Supervisor nltings 
Supervisor rntings 
Output rate 
8 \'isuat tnsks 
Supervisor ratings 
Supervisor ratings 
Supcr\'isor ratings 
Visual accuracy 
Low predi-cti\"e validity 
R=0'79j best 3, 
R~0·7S 
Ilest 4, R=O·72 
Ilese 2, R=0·65 
/lost 1, r~0·57 
r=0·50 (approx.) 
r~0·25 to 0·+0. 
lIighest was letter 
cancellation test 
r~0·52 
r~0·50 
r~0·66 
R~0·75 '0 0·S8 
(variolls criteria) 
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TABLE 3.2 Personality tests in vigilance experiments 
(Taken from Wiener, 1975) 
Author Task Results 
O.k,n 1959 
Cia ridge 1960 
Dakan 1963 
Aud.-numbers 
flakan tusk 
Same 
Kcister and l\'IcLaughlin Bakan task 
1972 
Purohit and Hardik;u' 
1971 
Purohit 1972 
Gale et al. 1972 
Colquhoun 1960 
Colquhoun and 
Coccoran 1964 
Colquhoun 1959 
Hognn 1966 
Stroh 1971 
Vis.-CRT 
Vis.-light bulbs 
Bakan task 
Vis.-colour patches 
Letter cancellation 
Vis 
Vis 
Tarriere and Hartemann Vis 
1964 
Davies and Hockey 1966 Digit checking 
Antrobus et al. 1967 Aud 
\Vilkinson 1961 
Tune 1966b 
Dobbins e/ al. 1961 
Vis 
Aud 
Vis (while driving) 
J slightly better than E 
I showed no decrement, H did 
E nnd normals more decrement 
£. showed decrement. not I 
Hi ~lnxicty grp. more dctc<;tions 
I detected more sig-nars, fewer FA 
No cliff. 1 v E or Neuroticism v Normai$ 
J better in AJ\1., E in P.lVI.· 
Same as above 
No correlation with I·E 
1 supe rior to E. 
I-£-no correl. with d' or J3 
Same for Neuroticism 
Psychotocism-inverse relntion to cl' 
I superior 
E showed decrement, not I 
'Resistance to Daydreaming' test- no diffs. 
J-E no diffs. 
I 'more cautious'; cor reI. with d'=O'28, 
,8=0'40 
Army sclf.descrip. inventory r= -0,38 With 
FA, daytime only gen. adjustment r=0-33 
with D, day 
l'Vfech. test r=0'26 with D, night 6 ilttitu· 
dina I scales-nil non-signif. 
• 
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Other factors such as sex, age and intelligence are equally 
inconclusive and do not appear to offer a way forward. Differences 
between the sexes have not been established; this is of particular 
relevance to apple inspection where the workforce is almost exclusively 
female. 
Some decrement in performance with age is reported for tasks with 
high input rates (Thompson et al., 1963), yet in a study of electronics 
inspection Jamieson (1966) found negative correlations between age and 
inspection errors although this is a somewhat different task. 
There is no firm evidence of an association between intelligence 
and vigilance, although no studies of inspection have been found. In 
one study comparing army recruits with trainable mental deficients 
(Ware, 1961) no differences in vigilance performance were reported. 
Despite this, Gallwey (1982) reports that "when there have been 
six or more subjects (inspecting) the differences betweeen them have 
been highly significant and nothing else has been more significant". 
This is confirmed earlier in Chapter 2, where differences between ten 
apple inspectors were significant at p<0.05. 
Gallwey devised a battery of ten selection tests following a task 
analysis of the skills required of the visual inspection process, and 
found the best predictor to be a simplified form of the task 
(inspecting slides containing a matrix of characters) and very good 
predictive ability with Witkins Embedded Figures Test across a range of 
dependent variables. Other good predictors were lobe size and mental 
imagery. 
Certainly, earlier work reported in Chapter 2 confirms the highly 
significant differences between ten apple examiners tested over a ten 
minute period. Given the cost-reduction potential of selection testing 
(Chapanis, 1970), it was decided to investigate whether in the 
particular case of apple examination it might be possible to find 
quick, reliable and convenient tests. 
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This last point is an important one, bearing in mind the need for 
commercial acceptability of any recommended test. Consequently, from 
the analysis of the examining task reported in Chapter 1, an experiment 
was devised to evaluate the relevance or otherwise of a series of tests 
as predictors of apple-grading performance. 
3.2 EXPERIMENTAL EVALUATION OF SELECTION TESTS 
3.2.1 THE TASK 
This was the task D employed for the training experiments 
(Packhouses 7 and 8), as reported in section 2.7.3.3. To recap, each 
subject was required to grade a series of apples conveyed past them on 
a 'float roll' grading table, at a rate of sixty apples per minute in 
two lanes. The apple set comprised a 'carrier' (non-test) set and a 
'target' (test) set. Two hundred apples formed the target set which 
had been pre-graded by a Quality Inspector from a co-operative or a 
Horticultural Marketing Inspector. 
Of the target apples, 50% were Class I, 40% Class 11 and 10% 
reject. The proportion of defect type was approximately: Blemishing/ 
Bruising (50%), Colour (25%), Shape (10%) and Other (15%). The 
'carrier' set of apples totalled 800 and was ungraded but selected to 
broadly reflect the target set in order to allow the subject to 
acclimatise to the defect rates and grade proportions. 
3.2.2 THE SUBJECTS 
A total of twenty apple grading examiners, ten each from 
packhouses 7 and 8 were involved. Ages ranged from 18-65, experience 
from 1 week to 18 years, and of the twenty, fifteen were female and 
five male. (Table 3.3). 
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TABLE 3.3 Statistical description of subjects in the selection 
experiments 
---------------------------------------------------------------------
Subject Experimental Age Gender Experience of 
group grading (weeks) 
---------------------------------------------------------------------
A I,n 29 F 4 
B I,n 31 F 20 
C I,n 39 F 50 
D I,n 43 F 12 
E I,n 56 F 24 
F Il 18 F 1 
G Il 39 F 46 
H Il 28 M 6 
J Il 22 F 3 
K Il 31 F 2 
L III 38 F 24 
M III 55 F 160 
N III 57 F 400 
P III 41 F 200 
Q III 37 F 8 
R III 41 M 5 
S III 65 M 6 
T III 60 M 48 
U III 48 F 60 
V III 61 M 3 
3.2.3. THE SELECTION TESTS 
Several factors were taken into account in deciding the tests to 
be used. 
Firstly, because of the constraints of a field experiment, only 
those tests which had previously shown significant predictive ability 
in inspection-type tasks were included. 
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Secondly, the administration of the tests should not be complex or 
lengthy, given that packhouse supervisors (with minimal training) are 
most likely to administer any acceptable test. 
Thirdly, the costs of the test must not be prohibitive and the 
test should be commercially available. 
These criteria resulted in the following tests being selected. 
3.2.3.1 SINGLE FAULT (BLEMISH) INSPECTION 
A similar task to the main on-line task of grading performance, 
but only fifty apples were used which were downgradeable only by virtue 
of a single fault-type (blemishing). Subjects were required to grade 
the blemished apples passed before them on the float-roll table at a 
throughput of 30 apples per minute following a brief 'practice' run. 
Class proportions were again, 50% Class I, 40% Class 11 and 10% reject. 
A similar carrier set was used. 
Such a test has achieved good predictive ability in previous 
research (Gallwey 1982) and is intended to allow packhouses to set up a 
quick easy test of performance using real apples which can be 
administered in a relatively short period. It is task-specific, and 
avoids the need for complex, on-line sampling of individual 
performance. 
3.2.3.2 WITKIN EMBEDDED FIGURES TEST 
This test requires subjects to find (to disembed) ,simple geometric 
forms hidden (embedded) in a complex form. Primarily a test of field 
independenoe, its association with search and perceptual abilities has 
led to its use in selection test experiments. The test has achieved 
mixed success in inspection type tasks (Bloomfield et al 1977, Bone 
1978, Gallwey 1982) but is included because of the high search/ 
perceptual content of the apple grading task. Part A of the test only 
was used and subject's average time (secs) per card to find the shape 
was recorded. 
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3.2.3.3 PHOTOGRAPHIC CARD TEST 
This was developed from the training materials (Section 2.5) and 
employed as a test of knowledge for the decision component inherent 
within the apple grading task. The test pack consisted of sixty 
card-mounted photographs of life-size apples bearing some form of 
defect (Appendix IV), in class proportions of 20 : 50 : 30 (Class I 
Class 11 Reject) and defect type proportions of 55 : 17 : 12 : 16 
(Blemish Colour: Shape: Other). Approximately 20% of these had 
combined faults. The test was unpaced. 
3.2.3.4 PACED PHOTOGRAPHIC CARD TEST 
A similar test to that above, except only thirty cards were 
employed in the same proportions. An element of pacing was introduced 
requiring the subject to sort the cards at a rate of 1 card per two 
seconds or thirty cards per minute. 
This provided a decision-making test off-line more akin to the 
judgement task on-line. Subjects undertook a practice run to pace 
themselves prior to completing the test pack. 
3.2.3.5 VISUAL LOBE SIZE TEST 
This is a search task developed by Bellamy and Courtney (1981). 
The time taken to sort each pack has been shown to be negatively 
correlated with the area of the visual lobe. Because of the 
relationship between lobe size and search performance, the test may 
prove beneficial as a predictor of inspection performance. (Gallwey 
1982). 
The test consists of packs of cards (20 x 12.5 cm) containing a 
single target (V or Y) on each card presented against a background of 
X's. Each card in a pack of 20 cards contained either a V or an X. 
One trial pack was sorted by the subjects followed by a short pause 
before completing a test pack. The time to sort the test pack was 
recorded. 
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3.3 EXPERIMENTAL DESIGN 
Because of the difficulties involved in obtaining apple examiners 
for experimental purposes, the dependent variable (grading task 
performance) was measured in conjunction with the training experiment. 
This has led to two sets of analyses - the predictive ability of the 
selection tests prior to training and the predictive ability following 
training. In general this has led to n = 20 prior to training, n = 10 
after training and in one circumstance, single fault testing, n = 5. 
The overall measure of performance used was number of apples 
correctly graded (of 200 targets). Regression lines were fitted, and 
Spearman rank correlations were obtained. 
3.4 EXPERIMENTAL PROCEDURE 
Subjects were given a Keystone Rapid Vision Screening Test, which 
includes tests of near, intermediate and far vision. This was to 
ensure that they had sufficient visual performance to participate 
usefully in the selection tests above. The Keystone test is itself a 
selection test, but requires expensive equipment and a measure of 
training for effective use. It was deemed an inappropriate test for 
use in packhouses, particularly since at the present time ocular 
testing is free on the N.H.S. 
i) All twenty subjects (pre-training) undertook the main task (D) 
following a ten minute practice run, immediately followed by 
Test 3.2.3.1 (single fault (blemish) inspection). 
ii) The ten subjects (five at each site) then undertook Test 
3.2.3.3 (photograph test) prior to and after training. 
iii) Following training, all twenty subjects repeated the main 
task. 
iv) All twenty subjects on subsequent days undertook the 
embedded figures test, the photographic card test, and the 
visual lobe test. 
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3.5 RESULTS 
No significant differences in the performance data were found for 
the subjects in the two packhouses, and consequently the data was 
pooled. 
Table 3.4 presents the relationship (if any) between the dependent 
variable (% correct detection online) and the five potential selection 
tests for both untrained and trained subjects. 
Significant correlations were found for both the Witkin Embedded 
Figures test and the Single Fault test for the untrained subjects, i.e. 
the equivalent of current, experienced examiners in the industry. A 
significant correlation was also obtained for the Witkin Embedded 
Figures test for the trained subjects. No other significant results 
were obtained. Graphs for both the Witkin Embedded Figures test and 
the Single Fault test, plotted against untrained and trained 
performance scores, are given in Figs. 3.1 - 3.4. Other graph plots 
are presented in Appendix VIII. 
From the Witkin Embedded Figures graphs, it seems reasonable to 
reject would-be examiners on the basis of a time of more than 100 
seconds to complete the test. If these samples of subjects are 
representative of the examiner population, it should ensure that only 
those examiners capable of 55% correct decisions or better online are 
selected.· 
Similarly, a minimum score of 55% on the Single Fault test appears 
to be a suitable criterion. 
If both tests are used, given the criteria above, there is a 
probability of 8% that an examiner would be accepted on both tests and 
would turn out to be a poor examiner. 
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It should be noted however that Figs. 3.1 - 3.4 all indicate that 
some good examiners would be rejected using these criteria, indicating 
that selection tests, as always, should be used with care and 
circumspection. 
Returning to Table 3.4, no clear relationship between age and 
performance, or between experience and performance emerged. 
3.6 DISCUSSION 
The first point worth noting is the unavoidably small samples upon 
which these results are based. Once again, efforts were made to 
conduct the experiment in a field situation as close to working 
conditions as possible. This is not to say that such an approach 
negates experimental influence upon the subjects although it is, 
arguably, more realistic than. a laboratory simulation. 
In spite of this, some encouragement may be taken from the results 
for the predictive ability of the single fault (blemish) test and the 
Witkin Embedded Figures test. The single fault test is akin to the 
actual grading task but has the important advantage of being relevant, 
easy to organise and run and is relatively cheap given the readily 
available supply of apples. Line supervisors should have little 
trouble administering such a test. 
TheWitkin test is also very promising given the undoubted 
perceptual search skills involved in apple grading; however it lacks 
(for the examiner) the clear relevance to apple grading of the single 
fault test. It is also relatively cheap and quick to administer. 
By using both tests together, the inevitable rejection of good 
examiners might be restricted to an acceptable level if one bears in 
mind that few members of packhouse staff are actually selected to grade 
apples at present. 
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TABLE 3.4 Rank correlation between 'online' performance and five 
selection tests, before and after training, and age and 
experience before training. 
Test 
Single fault inspection 
(correct decisions) 
Pre-training 
Post-training 
No. of 
subjects 
10 
5 
Correlation 
coefficient 
(Spearman) 
0.67 
0.56 
Statistical 
significance 
p<0.05 
N.S 
-----------------------------------------------------------------------
Embedded figures test 
(time per card) 
Pre-training 
Post-training 
20 
10 
-0.57 
-0.71 
p<O.Ol 
P<0.025 
-----------------------------------------------------------------------
Unpaced photographs 
(correct decisions) 
Pre-training 
Post-training 
15 
10 
0.09 
0.18 
N.S 
N.S 
-----------------------------------------------------------------------
Paced photographs 
(correct decisions) 
Pre-training 
Post-training 
Visual lobe test 
(time per card) 
Pre-training 
Post-training 
Age (years) 
Pre-training 
Experience (weeks) 
Pre-training 
10 
10 
20 
10 
20 
20 
0.42 
-0.03 
-0.22 
-0.23 
-0.42 
-0.25 
N.S 
N.S 
N.S 
N.S 
N.S. 
N.S. 
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The poor predictive ability of the Bellamy lobe size test is 
disappointing in view of Gallwey's report of significant predictability 
for a simulated inspection task. Only one practice pack of cards was 
used whereas validation work by Bellamy used several, although one was 
considered sufficient. There are two problems here: firstly, the 
average time taken to complete each pack was restrictive and secondly, 
some subjects, notably certain older staff, found the task bewildering 
and visually tiring and tended to 'give-up' their search having spent 
some 40 minutes attempting 20 cards. This made the administration of 
the task excessively long. 
Therefore, even were some predictive ability to emerge, the test, 
in its present form, would still seem unattractive in a commercial 
setting. 
The failure of the photographic card tests to predict on-line 
performance is not wholly surprising in the absence of non-trivial 
search and the perceptual element to be found in the real 'on-line' 
task. The evidence from the results of the training trials in Chapter 
2 confirms the fact that good knowledge and decision-making ability 
alone does not readily transfer to good overall grading performance 
on-line. 
Somewhat surprisingly, age and performance were not significantly 
associated despite the high input rates involved for the task (Thompson 
et al., 1963), nor were experience and performance. One might expect 
the development of perceptual skills to be linked with time-on job but 
the positive effects of this may be offset by poor grading knowledge 
and misapplication of the standards. 
Further experimental work with larger samples would seem necessary 
to validate some of these preliminary findings. 
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3.7 Cenolusiens 
3.7.1 The ~esults ef this small-sample expe~iment oenfi~m the 
p~ediotive ability ef the 'single-fault' seleotien test and 
Witken Embedded Figu~es Test fe~ apple examining pe~fe~manoe as 
feund by Gallwey fe~ ethe~ inspeotien-type tasks. 
3.7.2 The failu~e to. aohieve a signifioant oo~~elatien fo~ the 
single-fault test and pe~fe~manoe fellewing t~aining may be 
explained by the oenfusion int~eduoed in training experienoed 
examine~s as disoussed in 2.8. 
3.7.3 Despite the signifioant cer~elatiens reperted, the tests are net 
infallible. A small prepe~tien ef geed oandidates are likely to. 
be excluded f~o.m examining if the 'pass' pa~amete~s suggested 
are used. Given that ne seleotien o.f staff is presently 
eperated, the tests as reoemmended are a step in the ~ight 
direotien, and furthe~ evaluatiens are urged. 
3.7.4 The Visual Lebe Test did net p~o.ve an effective p~edioto.r ef 
examining pe~fermanoe. As suoh a test takes ne oegnisanoe o.f 
the deoision-making oemponent o.f this and mest inspeotien tasks, 
it is likely to. find prediotive ability fo~ tho.se tasks 
invelving o.nly searoh. Diffioulties in administe~ing the test 
and a oertain hestility to. it are formidable ebstaoles to. be 
everceme. 
3.7.5 Simila~ly, the two. pho.tographic tests failed to. demenstrate 
prediotive ability. The absence o.f no.n-trivial search is the 
mo.st likely explanatien fo.r this. A preliminary analysis o.f a 
cembined, two.-stage, lo.be and pho.tegraph test did no.t pro.ve 
enceuraging. 
3.7.6 Age and perfermance were no.t feund to. be related despite the 
high input rates invelved in the task. While there may be seme 
decrement in visual abilities with age, this weuld appear to. be 
cempensated fer by such facters as better cencent~atien and 
erganisatio.n ef the task (Czaja, 1980). 
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3.7.7. Experience and performance were not found to be related. This 
is not surprising given the poor level of knowledge and 
consistency in grading off-line which was not confined to the 
less experienced. 
3.8 RECOMMENDATIONS (AS PRESENTED TO M.A.F.F.) 
3.8.1 The Witkin Embedded Figures test and the single-fault inspection 
test appear to be reasonable tests for selecting examiners. Both 
tests are easy to apply in packhouse conditions. Appendix IX 
outlines an approach for packhouses to easily administer the 
single fault test. 
3.8.2 It is suggested that the tests be applied together. It is 
important that selection tests should appear relevant to the 
task, in the eyes of the subject. The Witkin test, while 
appearing to be a better predictor, does not have this 
relevance, whereas the Single Fault test clearly does. 
3.8.3 It is suggested, on a simple count basis, that the criteria for 
these tests should be: 
Accept if: (i) time to complete Witkins test is less than 
100 secs 
and (ii) performance score on Single Fault is greater 
than 55% correct detections. 
With these criteria, the probability of selecting a poor 
examiner (less than 55% correct detections online) is 
approximately 8%. 
3.8.4 These findings are based on very small samples. It is suggested 
that an independent evaluation, perhaps conducted by the ADAS 
Ergonomics and Work Study Unit be carried out to corroborate 
these findings. 
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• Figure 3.1 On line performance of current experienced examiners 
against performance on Single-Fault selection test 
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Figure 3.2 Online performance of current experienced examiners plotted 
against time to complete Witkin Embedded Figures test. 
Correlation = -0.57 
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Figure 3.3 Online performance after special training for experienced 
examiners against Single-Fault selection test. 
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Figure 3;4 Online performance after special training for experienced 
examiners against Witkin Embedded Figures test. 
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4.1 INTRODUCTION 
Currently, apples are examined and graded whilst rotating past the 
examiner on a 'float-roll' table at a variety of speeds, lanes and 
throughput. Some examiners have control of the belt speed and attempt 
to optimise the throughput to achieve effective grading. Other 
packhouses operate their grading table at a fixed speed and attempt to 
optimise throughput by line-loading (i.e. bin-tipping). This serves to 
remove localised control of the apple flow from the examiners, 
requiring them to adjust their performance appropriately to cope with 
the varying workload. This is not ideal, and the whole question of 
pacing and apple presentation requires further investigation. 
Preliminary fieldwork undertaken in eight apple grading packhouses 
found apple flows across the grading tables to be as much as 400 apples 
per minute per examiner at particular sampling points. The average 
flows across the tables calculated from bin input figures supplied by 
the packhouses are presented in Table 1.15. As can be seen, this can 
be as much as 336 apples per minute. 
Table 1.15 also records the number of staff deployed at each 
grading inspection table (as opposed to those deployed loading the line 
or packing), and derives the number of apples/min per examiner deployed 
passing through the examining area. 
In particular, it is worth considering Packhouses 3 and 6. There 
is a marked difference in scale between the two, with Packhouse 6 
packing twice as many apples as Packhouse 3. However, over the two 
days of the study, both packhouses maintained the same rate of flow of 
apples per examiner. Coincidentally, both packhouses operated a single 
grading line with the examining section divided into two parallel 
flows, graded independently of each other. Packhouse 3 deployed three 
examiners to each flow, while Packhouse 6 deployed 7 to each flow. 
There is clearly a need to examine the relationship here between 
the deployment of examiners and inspection efficiency. For example, 
although Packhouses 3 and 6 incurred similar labour costs per apple 
examined, it would be interesting to know whether one of these achieved 
better grading because of the arrangement of examiners at the grading 
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table. In particular, is it a better strategy to have examiners in 
parallel (i.e. each examiner has a separate flow of apples, and these 
are examined once - sometimes called division of labour) or in series 
(i.e. several examiners look at the same flow of apples in succession -
sometimes called redundant inspection)? 
4.2 LITERATURE REVIEW 
4.2.1 DEPLOYMENT OF EXAMINERS 
The majority of published research regarding the deployment of 
inspecting staff has tended to concentrate upon monitors or 
watchkeepers engaged in vigilance-type tasks rather than inspectors 
examining frequently occurring signals (or defective items). Although 
there are significant differences between the two classes (Smith and 
Luccacini, 1969), such studies are worth some consideration. 
An early study was conducted by Schafer (1949) studying detection 
performance on an audio-visual sonar display. By combining two 
monitors he produced from 10-20% more detections than an individual 
working alone, while a combination of three produced 6-15% more 
detections than a pair. Importantly, he found these gains to be less 
than a probability model for combining independent probabilities would 
predict. 
In spite of this, Baker, Ware and Sipowicz (1962) discussed the 
minimum team size required to achieve a given probability of detection 
by combining the responses of individuals with known detection rates. 
Inevitably, this approach was criticised by Wiener (1963) for using, in 
the light of Schafer's work, the independent events model. 
Further vigilance-type studies of team deployments by Wiener 
(1964), Morgan and Alluisi (1964), Waag and Halcomb (1972), and 
Morrissette et al. (1975) have generally found that increasing the 
number of monitors reduces Type 11 errors but that the independent 
inspector model is not valid (Clement, 1973). 
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Some studies (Smith and Wilson, 1953; Bergum and Lehr, 1962) have 
reported significant correlations between the monitoring performance of 
paired watchkeepers for whom interaction to the extent of mutual help 
is restricted. Several reasons are advanced for this. Firstly, it may 
be social facilitation (performance is helped by the mere presence of 
others); secondly, differences in the timing of vigilance decrements, 
or thirdly, efficient sub-division of the total task (Hornseth and 
Davis, 1967). 
Of what relevance such vigilance research is to the field of 
inspection is, however, questionable. It is not unreasonable, nor 
particularly surprising, to find that increasing the number of monitors 
improves the level of overall detection. Much of this work is 
military-sponsored and predictably relates mainly to radar/sonar 
monitoring where 100% detection rates are highly desirable. Cost 
considerations are secondary to this. This is not the case for 
commercial inspection, particularly where the product is of· low 
individual value and where the consequences of error are less tangible 
or serious such as the case of fruit inspection. 
In such a cost-conscious environment, 100% detection rates are not 
a viable objective and the deployment of extra staff (particularly when 
labour costs form a large part of overall costs) must be accompanied by 
significant improvements in detections. 
Lion et al. (1975) acknowledge this factor by comparing the 
inspecting performance of subjects working individually and in pairs 
whilst maintaining constant the throughput per inspector deployed. They 
reported significant improvements in the detection of faulty discs on a 
conveyor belt system when deploying subjects in pairs compared to 
singly. 
i) 
11) 
i11) 
iv) 
They attributed this to: 
Decreased angular velocity (caused by presenting discs in 
several lanes) 
the stimulus of dOing a job in unison 
the feeling of competition 
the fact that boredom is less likely to occur with the 
opportunity to talk, which relieves the monotony of a 
repetitive task. 
164 
Konz and Osman (1977) support this finding for a simulated 
inspection task where, importantly, angular velocity is not reduced for 
pairs of inspectors but is, in fact, doubled. Thus two inspectors (at 
twice the speed of throughput for a single inspector) caught more 
defects than single inspectors. 
Whether these improvements are cost effective is not explored. 
Nevertheless, it was decided to conduct an investigation into the 
relative merits of deploying apple examiners in series (i.e. grading 
the same batch of apples sequentially) compared with grading the batch 
of apples in parallel (i.e. a division of labour arrangement) but to 
maintain the throughput per minute per examiner at a constant level. 
4.2.2 PACING AND STATIONARY INSPECTION 
The effects of pacing upon performance are the subject of several 
studies. Generally speaking, the greater the degree of pacing, the 
greater the decrement in inspection performance. 
however, in studies of industrial assembly (Sury, 
It has been found, 
1964) that pacing has 
an effect on performance even if the subject is paced at the same rate 
as his own unpaced performance. This clearly has implications for the 
way in which tasks are organised and how the subject perceives this. 
In the case of inspection, Konz and Osman (1977) noted that the 
advantage'of combining inspectors may be due to the more flexible 
pacing of the task that this allows and suggest that inspector-paced 
displays may redress the position. 
The superiority of unpaced over paced performance in one type of 
vigilance task has been shown by Broadbent (1953), but Wilkinson (1961) 
demonstrated that the results could not be generalised. The latter 
found little difference between the two conditions and suggests that 
the advantage of the unpaced presentation would only be apparent in 
certain types of vigilance tasks. 
In a study of coin inspection, Fox (1977) found little difference 
between paced and unpaced displays where similar mean inspection times 
occurred, and the slight superiority of pacing in one trial was not 
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attributed to display type. McFarling and Heimstra (1975) attempted to 
restriot subjeots examining slides of printed oirouit boards for flaws 
to an overall task time of 52 minutes while self-paoed, equal to that 
for the paoed group. They found the self-paoed group deteoted more 
defeots and rated the task as less unpleasant than did the 
machine-paced subjeots. Whether this differential was due to either or 
both the activity of controlling the task and the effect produced by 
that aotivity, namely slowing the presentation rate, is not olear. The 
rather approximate oontrol of total presentation times in this study is 
open to critioism. 
Williges and Street er (1971) have found that when inspeotors are 
externally forced to paoe their inspeotions at a rapid rate, they do so 
at the expense of inoreased errors and fewer deteotions overall. In 
their study, subjeots inspeoted groups of disos with pin-hole defeots 
in a stationary, self-paoed mode or alternatively in a dynamic, 
externally-paced mode. The superiority of the self-paoed, stationary 
display was aohieved at the expense of a deterioration in overall 
throughput. Despite this, stationary, self-paced displays oould be of 
significance for those inspection systems where quality control is 
paramount. 
Moraal (1975) in a simulation of sheet steel inspection found 
statio displays to be significantly better than dynamic ones in terms 
of detections, although he warns of the danger of monotony and 
decreased motivation found to arise with the rigid manner of 
presentation. As a compromise, he suggests that inspector-paced static 
displays are to be preferred. 
On balance, the use of stationary displays particularly for 
complex items (such as apples) is worthy of further investigation 
particularly when one considers that dynamic visual acuity is 
demonstrably worse than static visual acuity (Blackwell, 1959; Williams 
and Borrow, 1973) and that search problems are partioularly severe for 
conveyor-fed apple examination (Hillen, 1985). 
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Because of the importance of throughput to cost-effective grading, 
the potential for examiner-paced grading lines is limited. 
Consequently, some degree of external pacing is unavoidable. 
Nonetheless it should allow the examiner to organise the available 
examining time optimally. This is possible by a 'stop-go' conveyor 
system; apples are conveyed into the examining area as normal, are then 
held stationary for an externally-determined interval while grading 
occurs, and are then conveyed out of the area to be replaced by a new 
batch. This would allow the examiner some degree of flexibility in the 
allocation of time per apple in the examination of the batch. It was 
decided therefore to investigate the effects of stationary and moving 
displays of apples. 
Furthermore; by deploying more than one examiner to a batch, the 
consequent flexibility of workload permitted may tend to alleviate any 
temporary fluctuations in individual performance. It was decided to 
include a group size variable in the experiment. 
4.3 AIMS OF STRATEGY EXPERIMENT 
The experiment sought to evaluate two factors. 
(i) The optimum number and deployment of examiners compared to 
the apple throughput (Series v Parallel). 
(ii) The mode of presentation of the apples for examination 
(stationary or moving). 
4.4 METHOD 
4.4.1 SUBJECTS 
Five apple examiners at Packhouse 8, aged between eighteen and 
thirty-nine, four female, one male, were selected from the earlier 
study of ten examiners reported in Section 2.7.3, grading apples under 
experimental conditions on Loughborough's grading table. Selection for 
the current experiment was on the basis of reasonable (i.e. better than 
chance) grading performance and adaptability to the experimental 
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conditions. Four of the five examiners were in their first season of 
apple-grading (Table 4.1). Despite this, their grading performance was 
invariably equal to or better than the more experienced staff. 
4.4.2 EQUIPMENT 
A variable speed 'float' rolling-top grading table, similar to 
those employed within a complete packhouse grading layout (Diagram 2.1) 
was constructed of length 1760 mm and width 600 mm. The height was 
adjusted to 450 mm. A 'stop-start' timer device was connected to the 
motor to allow stationary grading but paced throughput. 
TABLE 4.1 Subjects used in series-parallel experiment 
Subject 
L 
M 
N 
P 
Q 
4.4.3 EXPERIMENTAL DESIGN 
Age 
18 
39 
28 
22 
31 
Experience 
(weeks) 
1 
46 
6 
3 
2 
Given the many constraints imposed upon the field experiment such 
as the need to avoid unnecessary disruption of the packhouse and the 
obvious perishability of the product, a parsimonious, well-balanced 
design was required. By combining the 'mode of presentation' variable 
with the 'examiners deployed' variable within the one design, many of 
these constraints could be overcome. 
Consequently, the design was balanced across three days with a 
total of thirty conditions (2x3x5) run on the grading table (Table 
4.2). Subjects were randomly allocated to cells individually, in pairs 
and in threes balanced for 'through the day' effects and individual 
effects. 
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4.4.4 PROCEDURE 
The five examiners underwent the experiment singly, in pairs and 
in triplets, in a partially balanced experimental design. The single 
condition was equivalent to the examiners working in parallel, while 
the other two conditions corresponded to series working. In each of 
these groups, the examiners carried out grading with the belt moving 
continuously, and stop-go, the latter to represent the stationary 
apples condition discussed above. 
TABLE 4.2 Experimental Design 
EXAMINERS DEPLOYED IN SINGLES 
(PARALLEL) 
PAIRS 
(SERIES) 
THREES 
(SERIES) 
-----------------------------------------------------------------------
MODE OF PRESENTATION SUBJECT NO. 
1 1,2 1,2,5 
2 1,5 1,2,3 
CONTINUOUS 3 2,3 1,4,5 
4 3,4 2,3,4 
5 4,5 3,4,5 
1 1,3 1,2,4 
2 1,4 1,3,4 
STOP-GO 3 2,4 1,3,5 
4 2,5 2,3,5 
5 3,5 2,4,5 
a) Single examiner grading: i) Continuous apple flow; ii) stop-go 
apple flow 
i) Apples continuously conveyed past the subject at a rate of 60 
apples per minute, 2 apples in each alternate roller 
169 
ii) Apples in batches of fourteen, two apples in each alternate 
roller, conveyed into position in front of subject to remain 
stationary for 9 seconds for grading. 
Overall throughput maintained at 60 apples per minute or 60 
apples/minute/person. 
b) Pairs of examiners grading: i) continuous; ii) stoP-gO 
i) Apples continuously conveyed past both subjects in sequence at 
a rate of 120 apples per minute, two apples per alternate 
roller. 
ii) Apples in batches of twenty-four, four apples in each 
alternate roller, conveyed into position in front of first 
subject to remain stationary for 7.5 seconds then moving and 
stopping in front of second subject for a second inspection.of 
7.5 seconds. 
Overall throughput maintained at 120 apples per minute or 60 
apples/minute/person. 
c) Triplets of examiners grading: i) continuous; ii) stoP-gO 
i) Apples continuously conveyed past three subjects in sequence 
at a rate of 180 apples/minute, four apples per alternate 
roller. 
ii) Batches of sixteen apples, four apples in each alternate 
roller, conveyed into position in front of first subject to 
remain stationary for 3 seconds then moving and stopping in 
front of second subject for a second inspection of 3 seconds, 
then moving and stopping in front of third subject for a third 
inspection of 3 seconds. 
Overall throughput maintained at 180 apples/minute or 60 
apples/minute/person. 
Beoause of the limited length of the experimental conveyor, the 
viewing area for each inspector could not be held constant, but viewing 
conditions were adjusted to compensate; throughput per examiner was 
held constant at 60 apples per minute (the recommended rate from 
Hillen, 1985) and the ratio of stationary to moving time per apple was 
kept as constant as possible. The parameters are shown in Table 4.3. 
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TABLE 4.3 Characteristics of experimental conditions for 
series-parallel experiment. (Note that 'averaged conveyor 
speed' is average speed for total viewing time, not just 
mov ing time.) 
'STOP-GO' CONDITIONS 
Number of examiners in expt. 
Characteristics 
Throughput/mln/examiner 60 
Viewing time with apples stationary 80 
(total secs) 
Viewing time with apples 120 
moving (total secs) 
Total viewing time (secs) 200 
Spacing of apples on rollers Alternate 
Conveyor speed (metres/min.) 3.5 
Averaged conveyor speed (metres/min.) 9 
No. of lanes 2 
Length of inspection region per 800 
examiner (mm) 
condition 
2 3 
60 60 
75 90 
125 110 
200 200. 
Alternate Alternate 
3 5 
9 9 
4 4 
590 440 
-----------------------------------------------------------------------
CONTINUOUS CONDITIONS 
Characteristics 
Throughput/min/examiner 
Viewing time with apples stationary 
(total secs) 
Viewing time with apples moving 
(total secs) 
Total viewing time (secs) 
Spacing of apples on rollers 
Conveyor speed (metres/min.) 
Averaged conveyor speed (metres/min.) 
No. of lanes 
Length of inspection region per 
examiner (mm) 
Number of examiners in expt. 
condition 
2 3 
60 60 60 
N/A N/A N/A 
200 200 200 
200 200 200 
Alternate Alternate Alternate 
4 8 6 
4 8 6 
2 2 4 
880 590 440 
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Prior to each condition, the subjects were given a 10-minute 
practice run, to acclimatise to the condition. They were then given 
the trial run, comprising a 'carrier' set of 1000 apples followed by 
the 'target set' of 200 Cox apples, in the proportions 50% Class I, 40% 
Class II, and 10% Reject, with 50% blemishes, 25% colour defects, 10% 
shape defects, and 15% other defects. The strategy required subjects 
to move Class II and Reject apples into appropriate lanes from the 
total flow. Each apple was pre-graded by a Horticultural Marketing 
Inspector (HMI) and coded by a three digit number to identify its 
grade. A number of substitute apples were prepared to replenish the 
experimental set in the event of damage. 
4.5 RESULTS 
Two measures of performance were used; % correct decisions and 
penalty points, as in previous experiments. The results are shown in 
Tables 4.4 and 4.5. 
Both measures were subjected to a two-way analysis of variance; 
(Table 4.4) no significant differences were found for either of the 
measures for both the mode of presentation (stop-go or continuous) and 
for the number of examiners in a group (1, 2, or 3) nor for their 
interaction. By extension of the analysis, no difference was found to 
exist between series and parallel operation. This is certainly evident 
as far as the % correct decisions measure is concerned; the apparent 
trend for the better as group size increases, evident in the penalty 
points table, has been swamped by the variation between the subject 
groups. 
The penalty points data were then explored further, by considering 
the type of errors made. Tables 4.6 and 4.7 show the probabilities of 
incorrectly upgrading or downgrading the apples. Some 24% were 
upgraded by single examiners, falling to 18% when three examiners were 
grouped. This was offset by single examiners downgrading only 7% of 
the apples, rising to 14% for three examiners in a group. Virtually no 
difference in correct decisions or types of error made are discernable 
when comparing continuous presentation with stop-go presentations of 
apples. 
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TABLE 4.4 Analysis of variance (2 factor) for mode of presentation 
and number of examiners deployed by error penalty points 
and % correct decisions 
SOURCE DEGREES FREEDOM SUMS SQUARES MEAN SQUARE SIG 
-----------------------------------------------------------------------
MODE OF 
PRESENTATION 
EXAMINERS 
DEPLOYED 
INTERACTION 
ERROR 
TOTAL 
SOURCE 
MODE OF 
PRESENTATION 
EXAMINERS 
DEPLOYED 
INTERACTION 
ERROR 
TOTAL 
1 
2 
2 
24 
29 
DEGREES FREEDOM 
2 
2 
24 
29 
ERROR PENALTY POINTS 
449 449 N/S 
4,538 2269 N/S 
1,287 644 N/S 
22, 115 921 
28,389 
SUMS SQUARES MEAN SQUARE SIG 
(% CORRECT DECISIONS) 
30 N/S 
0.5 0.2 N/S 
20.6 10.3 N/S 
1340.4 55.8 
1391. 5 
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TABLE 4.5 Average performance by mode of presentation and by number 
of examiners in group 
AVERAGE % CORRECTLY GRADED 
Mode of presentation Number of examiners 
123 
Average 
-----------------------------------------------------------------------
Continuous 
Stop-go 
x 
s 
x 
s 
69 
3.9 
69 
2.9 
69 
3.3 
68 
3.4 
70 
5.2 
68 
4.4 
69 
3.9 
69 
3.3 
-----------------------------------------------------------------------
Average x 
s 
AVERAGE NO. PENALTY POINTS 
Mode of presentation 
Continuous 
Stop-go 
Average 
x 
s 
x 
s 
x 
s 
69 
3.3 
69 
3.2 
69 
2.7 
Number of examiners 
123 
202 
30 
202 
14 
202 
22 
181 
42 
207 
28 
194 
36 
174 
42 
171 
25 
173 
34 
69 
3.6 
Average 
186 
37 
195 
27 
190 
32 
TABLE 4.6 Probabilities of (i) upgrading and (ii) downgrading apples 
by group size 
No. of examiners 
in group 
1 
2 
3 
Average 
Prob. of apples 
incorrectly 
upgraded 
0.24 
0.21 
0.18 
0.21 
Prob. of apples 
incorrectly 
downgraded 
0.07 
0.10 
0.13 
0.10 
Prob. of apples 
incorrectly 
graded 
0.31 
0.31 
0.31 
0.31 
-----------------------------------------------------------------------
TABLE 4.7 
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Probabilities of (i) upgrading and (ii) downgrading apples 
by mode of presentation 
-----------------------------------------------------------------------
Mode of 
presentation 
Continuous 
Stop-go 
Average 
4.6 DISCUSSION 
Prob. of apples 
incorrectly 
upgraded 
0.22 
0.21 
0.21 
Prob. of apples 
incorrectly 
downgraded 
0.09 
0.10 
0.10 
Prob. of apples 
incorrectly 
graded 
0.31 
0.31 
0.31 
The results indicate that an examiner working independently is 
likely to make 6~~ upgrading errors than a group of three examiners 
working in series at three times the throughput. Conversely, the 
single, independent examiner is likely to make 6% less downgrading 
errors than the combination of three (Fig. 4.1). 
These results indicate a change in strategy by the examiners, 
depending upon the number of examiners in a group, but not on the mode 
of presentation. The strategy that the examiners were required to use 
was to move Class II and Reject apples to other lane·s on the belt, 
requiring an action rate of 50%. Consequently, errors of omission, 
characteristic of pacing errors, would tend to emphasise upgrading 
errors. This is characteristic of the single examiner condition. Where 
the examiners are in groups, and therefore have more control over their 
time as discussed earlier, there are less errors of omission and more 
of commission. This is a characteristic of all studies of inspection 
where time stress has been investigated. 
From observation of the experimental trials, it is apparent that 
the initial two examiners in the series of three, dealt with the 
majority of apples whilst the third examiner performed the role of 
watchkeeper on the remaining apples. 
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This has implications for the packhouse depending upon the market 
it supplies. For example, a wholesale or retail customer may demand a 
very high level of quality for which it is willing to offer premium 
prices. Deploying three examiners reduces the probability of reject 
apples being supplied as Class 11 or Class I. 
Whether the deployment of more than three examiners in series 
would serve to reduce the probability of upgrading errors further is 
uncertain but worthy of further work, bearing in mind that very few 
packhouses deploy such a number. 
Certainly, with a combination of examiners, as Konz and Osman 
(1977) have noted, the task allowed some flexibility within the overall 
pacing of the line (60 apples/min/examiner) with the initial examiners 
appearing to be dealing with the obvious defective apples, thus 
reducing the throughput for the final examiner to consider less obvious 
defects and act as a final arbiter, (what Hornseth and Davis found to 
be "efficient sub-division of the task"). 
This flexibility of pacing did not improve performance when 
introducing an element of stationary grading to the task, nor affect 
the type of error made. Again throughput per examiner deployed was 
held constant, but no important differences between continuous and 
stationary/continuous grading were recorded. 
This may have been a consequence of the unfamiliarity of the 
examiners with a stopping-belt, and indeed, they were observed grading 
whilst the belt conveyed the apples into position and only attempting 
cursory checks of stationary apples. Rotation of apples while the 
conveyor was stationary may have obviated this problem, relieving the 
grader of the extra effort required in sorting stationary apples. 
Interestingly, all subjects expressed a preference for the slower 
belt speed, and equally favourable opinions of the stop/start condition 
in the mode of presentation trials (Appendix X). In the latter, 
several remarked that they felt "more in control" and could pursue 
apples that they were unsure of. This was not, however, reflected in 
any way in the results. 
Probabili ty 
of Error 
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TOTAL ERRORS 
.30 
.25 UPGRADIN 
ERRORS 
.20 
.15 
.10 
DOWNGRADIN 
.5 ERRORS 
1 2 
FIG. 4.1 Probability of errors by examiners deployed 
Examiners 
Deployed 
3 
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4.7 CONCLUSIONS 
In conclusion, results indicate that increased deployment of 
examiners working in series at the grading table reduces the amount of 
upgrading of apples but is accompanied by a higher level of downgrading 
compared with single, independent examiners. 
No improvements in overall correct detections by combining 
examiners was found in contrast to the improvements obtained by Konz 
and Osman and Lion et al. It is suggested that in order to effect an 
improvement in the level of correct grading, the rate of throughput 
needs to be reduced, and consequently the time available to inspect 
increased. 
There is evidence to suggest that combining examiners leads to 
more flexible pacing of the task and consequent sub-division of the 
grading roles. 
No immediate benefits are apparent from stop/start grading (when 
throughput is held constant), despite favourable comments from 
examiners. Nevertheless, stationary rotation of apples may prove a 
useful area of further research. 
Further work in this area might consider larger sequential 
deployments of examining staff to examine the extent to which upgrading 
errors might be reduced and at what cost in terms of downgrading 
errors. 
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CONCLUDING REMARKS 
The research reported in this thesis forms a direct response to 
some of the quality control problems currently facing the British apple 
industry. In this respect, the work undertaken and the areas 
investigated have been directed towards attaining commercially relevant 
objectives approved by the research sponsors, the Ministry of 
Agriculture, Fisheries and Food. 
Having said this, the field of agricultural inspection research is 
largely unexplored and consequently, the terms of this investigation 
were wide; the Ministry hoping that light might be shed on problem 
areas (as they understood them) and attempt made to develop 
commercially applicable remedies. 
This was by no means undesirable allowing, as it did, a firmly 
practical approach to the investigation and subsequent experimentation; 
it did, however, have the effect of constraining the extent of the 
studies by, for example, restricting the period of training (Chapter 2) 
to only half a day on economic grounds and confining the evaluation of 
selection tests (Chapter 3) to only those showing prior predictive 
ability and (to some extent) commercial applicability. An overriding 
constraint in attempting to establish experimental trials within the 
packhouse environment was the need to minimise disruption to the 
working operation in order to achieve the co-operation of the 
management. None of this is particularly surprising in an industry 
where unit margins are small and market size relatively limited (and 
shrinking). 
From the work reported in Chapter 1, two points are clear: 
i) Apple grading performance has not improved since Stevens and 
Gale's study in 1969 in spite of entry to the EEC and a 
reduction in the number of classes graded. 
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ii) Apple grading inspection errors are not dissimilar to those 
reported in many other industries studied and are of the 
order of 30 - 40% incorrect on average. 
What the precise upper bound to current performance is may not easily 
be defined, depending as it does upon a variety of search and 
decision-making factors. While a small proportion of examiners 
achieved 10% less errors, this was away from the line, omitting the 
element of search fundamental to high throughput grading inspection. 
Errors were felt to arise, in the main, from two sources: i) 
Inadequate on-line search ii) Misapplication of the quality standards. 
i) has been the subject of extensive investigation by Hillen (1985) who 
considered the visual search aspects of grading inspection. ii) may be 
attributed to the standards which were found to be complex, imprecise 
and lacking national consensus, to the complete absence of training and 
selection of the workforce for what is a most demanding task, and to 
the poor design of the task with non-optimum rates of throughput and 
inappropriate decision strategies being utilised. Other 
socio-technical factors such as job status, remuneration and 
supervision also impinge upon the problem. The problem of the written 
standard is an acute one and will require considerable further 
investigation. Researchers might commence by asking are the standards 
relevant to consumer needs and demands? This mayor may not clear the 
way to a more simple standard thereby simplifying the whole inspection 
process. Certainly, the absence of an industry-wide interpretation and 
application of the standards will confound attempts to improve grading-
performance. Once the relevance of the standard is established, some 
attempt might be made to match the task to human cognitive 
capabilities. Schneider and Shiffrin's 'automatic processing' may be a 
way forward here. 
The absence of training and selection is not altogether surprising 
in an industry comprising mainly small individual operations dealing 
with a seasonal, perishable and marginal product. The scheme of 
training in Chapter 2 attempts to address the problem of training by 
developing a scheme based upon successful techniques of training but 
without large commitments of time and money. Where training is 
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confined to naive or new recruits to the task this is likely to be 
quite successful. However, the resources devoted to training 
experienced graders will have to take account of an element of 
re-training within the programme. The teaching of old dogs new tricks 
is an onerous task. 
As the analysis in Appendix XI shows the prospective cost of 
training examiners is not prohibitive. The programme of training 
devised was undertaken against a background of poorly defined 
standards, years of haphazard knowledge development among the graders 
and importantly an absence of determination to establish and enforce a 
quality standard by both managers and market inspectors. Given the 
very small price margin between different classes of apple, the 
incentive to establish effective quality grading would seem to be 
lacking. It is apparent, therefore, that not only must the written 
standard be clarified and made relevant in order to allow the examiner 
to develop a model of perceptual organisation delineating the 
boundaries between defective and effective items, but also that 
incentive be present to encourage and reward good quality grading. One 
way this might be achieved is by large price differentials between the 
quality classes although this is likely to be at the dictate of the 
marketplace itself. 
There is, however, little justification at present for allocating 
substantial resources to the training of a workforce operating a 
quality control system for which the consumer has no need or indeed 
knowledge of and for which the quality standards are (sic) 
inappropriate. Further research in this area must address these 
problems before embarking on more elaborate schemes of training. Some 
consideration might also be given to the rapid drift in standards 
following training. Ultimately, this will prove the sternest test of a 
scheme's effectiveness by measuring the permanency of the training 
effect. 
The need for selection testing is again confirmed by the 
experimental evidence showing that some examiners are clearly better at 
the grading task than others. Producing a test of selection that will 
easily and cost effectively identify these inspectors is obviously of 
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great attraction to any commercial operation. Intuitively, a 
simplified version of the task is likely to provide a broad indicator 
of those likely to excel. This is indeed the case for the small sample 
of graders in this study. The predictive ability of the Witkin 
Embedded Figures Test also gives grounds for cautious optimism. 
What is of concern is those examiners excluded by such tests. Far 
more comprehensive trials are required which might examine the longer 
term performance of those excluded, the influence of the learning 
curve, and the stability of performance over time. 
While training and selection require the commitment of 
considerable resources and the rewriting of the standards considerable 
bureaucratic involvement, there are several options open to the 
packhouse manager to effect improvements to the grading system without 
recourse to significant investment. For example, the redesign of the 
task would permit the optimisation of rates of throughput, while the 
application of reactive decision strategies would go some way towards 
relieving the considerable mental and physical load on line examiners 
and lead to less opportunity for error. 
A reorganisation of the deployment of examiners at the grading 
table has not led to significant improvements in grading performance. 
The benefits of flexible pacing and social interaction by deploying 
examiners in groups of two and three were not apparent in grading 
success, although did lead to greater grading activity resulting in 
more errors of commission than omission when compared with the lone 
examiner. 
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The means by which multi-examiner workstations organise themselves 
is also worthy of further investigation. Theories of group psychology 
may have a role to play in examining the standards adopted and applied, 
the pressures of conformity and the roles of watchkeeper. 
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ADAS 
BAR SIZING 
BLEMISHING 
BRUISING 
CLASS 
CONSENSUS 
CONSISTENCY 
DOWNGRADING ERROR 
ELECTRONIC SIZING 
EXAMINER 
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GLOSSARY OF TERMS 
Agricultural Development and Advisory Service 
(Ministry-sponsored body advising individual 
farmers). 
Method of sizing apples by passing under 
different bars. 
Skin and tissue damage to apple (excluding 
bruising) caused by insects and disease. 
Skin and tissue damage to apple caused by 
impacts through picking, storing and grading. 
Four classes of saleable apple included in EEC 
standards, Extra, I, 11 and III Class. Only 
Class I and 11 operated. 
The degree of agreement among individual 
examiners in grading each particular apple. 
The degree to which individuals apply the same 
grade to the same apples over time. 
Error arising whenever an apple of superior 
quality is demoted to a lower class. 
Method of sizing apples by electronically 
weighing each one. 
Term used throughout thesis to describe those 
personnel engaged in actively sorting (grading) 
apples at the grading table. 
GRADER 
HAND-LOADING 
HGF 
HMI 
INGRID 
KINGDOM 
KING FRUIT 
MAFF 
MANUAL/AUTO PACK 
POINT THROUGHPUT 
PRE-GRADED 
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Line of machinery comprising loading mechanism, 
conveyor belts, grading table, sizing and 
packing areas. 
Grader loaded by hand from bushel boxes. 
Home Grown Fruits Ltd., a marketing co-operative 
through whose label several apple growers sell 
their crop. 
Horticultural Marketing Inspector; a Ministry 
official responsible for quality testing at 
major fruit markets. 
Programme option within M.R.C. package for 
analysing repertory grids. 
Trademark of marketing co-operative funded by 
affiliated growers under which label and 
standards fruit is sold. Employ fruit 
inspectors of their own to supervise member 
packhouses. 
Misshapen apple identified by protuberance at 
stalk end of apple. 
Ministry of Agriculture, Fisheries and Food. 
Two methods of fruit packing. 
A measure of apple throughput obtained at one 
point during the day over a short (five minute) 
period. 
Term used to describe apples used in experiments 
which have already been graded, usually by an 
HMI or KINGDOM inspector. 
PROGRESSIVENESS 
RUBS 
SEGMENTED 
UPGRADING ERROR 
WET-TIPPING 
WHEEL-SIZING 
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Degree to which the blemish or bruise damage to 
an apple is likely to 'progress' and thus render 
the fruit unsaleable at a later date. 
Forms part of the 'blemish' category above, and 
is a skin defect caused on the tree by branches 
rubbing the growing apple. 
Inspection table divided into 'class' lanes. 
Error arising whenever an apple of inferior 
quality is promoted to a higher class. 
Grader loaded by a system where apples are 
lowered into a water tank and conveyed onto the 
inspection table. 
Method of sizing apples by passing under 
different sized wheels. 
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APPENDIX I - RESEARCH PROPOSAL 
(EXTRACT FROM DOCUMENT PREPARED BY M.A. SINCLAIR FOR M.A.F.F.) 
2. Some systems considerations 
2.1 Factors to be considered 
It is advisable to set the quality problems in a wider context, to 
explain why these proposals concentrate on quality at the expense of 
other considerations. 
For the grower to obtain a reasonable return on his produce, he 
must be able to get a good harvest to market, at minimum cost. Average 
costs quoted by A.D.A.S. are as follows: 
Picking 
Supervision and Haulage 
Dipping before storage 
Storage 
Packing labour (including grading) 
Packing material, haulage and travelling 
pence per kilogram 
1.83 
1.43 
0.22 
7.72 
1.98 
5.40 
18.58 
These costs should be considered in conjunction with several other 
factors. One of these is handling damage. A report from the N.I.A.E. 
at Silsoe (Green, 1966) states that the mean bruise area per apple is 
51 sq. mm., and other estimates from M.A.F.F. personnel indicate that 
the percentage of apples downgraded by at least 1 class due to handling 
damage is between 5% and 20% depending on whose figures are accepted. 
Figures from the United States indicate a similar situation, albeit on 
different apple strains. These indicate that 30-72% of total handling 
damage occurs in the orchard, and 3-34% during grading, packaging and 
other handling. 64-97% of apples are bruised by the time they reach 
the retailer (Hanna and Mohsenin, 1972). 
Yet to be included is the damage incurred in storage, damage 
during packing, and finally damage on the. way to the retailer. There 
seem to be very few figures available for this. Again, A.D.A.S. 
opinion is that of the damage incurred during handling, 2/3 occurs at 
picking and 3/4 by the time the apples come to rest in the orchard bin. 
Next, work study figures available from A.D.A.S. indicate that in 
picking from centre-leader trees 12.7% of the standard time is spent on 
non-productive work (rising to about 22% on the old orchards with large 
trees). This non-productive work is split almost equally between 
walking time to and from the bins, and emptying the picking bags into 
the bins. The standard time to pick 1 apple is 0.026 centiminutes, 
with a standard deviation of 0.002 centiminutes. 
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Considering the implications of these data for the hand picking 
operation, it seems evident that the hand picking operation is being 
performed about as fast as is feasible; perhaps it might be possible to 
reduoe the standard time by about 10% but the cost reduction produced 
by this is only about 1% of the total (though it must be accepted that 
any reduction in harvesting time for the whole orchard reduces 
variation in taste and texture of an apple crop). It is clear, 
however, that there is a quality problem; the cost of downgrading due 
to picking damage is about 3.2p/kilogram, or about 48% of the profit 
margin, 17 times greater an effect than that of speeding up the picking 
process. Furthermore, the only other means of reducing the picking 
cost is to reduce the non-productive time. Again, with a margin of 
only 12.7% it is not oost-effective to look at this problem until the 
quality problem is tackled. 
Turning now to grading, figures produced by N.I.A.E. (Stevens and 
Gale, 1969) indicate that using experienced packhouse inspectors under 
near optimal conditions "some 20% of the apples in each class were 
incorrectly assessed." In a performance run on an experimental rig, 
using their best conditions, with experienced inspectors, approximately 
17% of the apples were incorrectly graded. Perhaps more worrying is· 
that even under the 'best' operating conditions for their experiments, 
28% of errors were upgrades by 1 class, and 3% by 2 classes. The 
effect of this upon retailer and consumer preferences in the U.K. has 
avoided discovery by the authors, though some partial evidence in the 
U.S. indicates that a reduction of 22% in severe bruising on displayed 
apples resulted in a turnover gain of some 15% per annum (Anon., 1956). 
On the other hand, 57% of errors were downgrades by 1 class, and 10% 
were downgrades by 2 classes. It is not easy to estimate the effect of 
this because of the fact that the figures are aggregated; calculation 
indicates that this represents a potential loss in profit of about 
2.7p/kg. in addition to the 3.2p/kg mentioned above. These figures 
represent the effect on ordinary sales; given the same working 
conditions, the same level of errors is likely to occur in those 
packhouses supplying the 'Kingdom' brand apples, where presumably the 
market consequences are more serious. One point that is worth 
emphasising is that the level of errors quoted here are quite 
comparable to those found in other agricultural studies (McRae, 1980, 
Malcolm and DeGarmo, 1952) and in many industrial studies (Sinclair, 
1978), and should not be regarded as unusual, serious as they are. 
2.2 The possibilities for automation 
It seems clear that much of the quality problem occurs at the 
hands of the workers. One solution to this problem would be to 
automate the picking and grading process to eliminate the problems due 
to handling. An approach to the picking problems using semi-automatic 
orchard platforms has been tried by N.I.A.E. This has not been 
successful on Cox's Orange Pippin due to similar handling damage and 
the statistical variability in the location and frequency of apples on 
the tree (Holt, 1972), though it is understood that they have been used 
elsewhere in the world. Without a major redesign of trees it is 
unlikely that such a solution will be viable in this country. This 
leaves the alternative of a fully automatic rig. Such systems seem to 
have caught the imagination of agricultural engineers (Berlage, 1969, 
1976, 1981, Child and Leflufy, 1979, Leflufy, 1981, Berlage and Langmo, 
1972, 1974, McHugh et al., 1977, Millier et al., 1973, Rehkugler et 
al., 1976, Pellerin et al., 1978, 1979, Peterson and Monroe, 1977, 
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Parrish and Goksel, 1977), but the published results indicate greater 
damage, and a lower % of harvested apples, though the harvest is 
gathered much faster. It appears that such systems are also not 
cost-effective in the U.K. at the present time. 
Semi-automatic grading rigs have also been developed, again at 
N.I.A.E. (Stevens and Gale, 1969, Lawton and Holt, 1975, Gale and Holt, 
1977). To date, these seem to have been accepted neither by the 
manufacturers nor by the industry, though it is unlikely that such 
developments have been ignored. It seems clear that this is the 
obvious route to follow, in which the inspector is left to make the 
decision while the machine performs the required manipulations (but 
with less damage) as in manufacturing industry for complex inspection 
tasks (Drury and Sinclair, 1981). The fully automatic system will 
require the introduction of optical technology, perhaps with other 
technologies. The current state of the art leaves little doubt that 
given sufficient funding, a solution could be found. The outlines of 
one early system specifically for apples are to be found in Rehkugler 
and Throop (1974), and other alternatives are given in Gaffney (1976). 
The optics, sensors, and sources certainly exist, and some very 
sophisticated software has been developed to cope with visual scenes ·of 
a similar complexity. However, the crux of a successful system is its 
software, and the crucial element in this is how well the 
classification algorithm matches the characteristics of the real scene 
before it. Consequently, it is usually not a wise move to adapt a 
successful system in one field to a new application; it is better to 
commence anew. It is also the case that the developmental cost, 
including production engineering, tends to be large. Without a further 
feasibility study it would be difficult to justify such a project. 
2.3 Summary of systems considerations 
It seems, therefore, that a potentially beneficial short-term 
(5-10 years) project is to concentrate on the improvement of quality by 
the reduction of handling damage and misgradings. Other topics such as 
cost-reduction exercises, while they may ultimately be cost-effective, 
are unlikely to produce benefits of the same potential magnitude for a 
given outlay of funds. Full automation would be a long-term, more 
costly aim, and somewhat speculative for the majority of growers. 
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COMMON STANDARDS OF QUALITY 
FOR APPLES AND PEARS 
1. APPLICATION 
The apple and pear standards are laid down in EEC Regulation 1641/71.· 
The standards apply to dessert and culinary apples and pears grown from 
varieties of Pyrus A-lallls L. and Pyrlls Communis L. All varieties of 
dessert and culinary apples and pears grown in the U.K. or imported 
fresh are covered by this definition. Cider apples and perry pears arc 
excluded. 
The standards define requirements for apples and pears at the dispatching 
stage after preparation and packaging. Only apples and pears meeting 
these requirements may be displayed or offered for sale, sold, delivered 
or marketed in any other manner within the Community (subject to the 
exemptions indicated in Section 7). 
There are three main classes for apples and pears-Extra Class for fruit 
of top quality, Class I for fruit of good commercial quality and Class 11 
for fruit of marketable quality which does not meet the requirements 
of the higher classes. An additional class, Class rlf, may be brought into 
operation on a Community wide basis if it is decided by the Community 
that supplies of fruit in the higher classes arc inadequate to meet con~ 
sumer requirements. A Class III standard has not been in operation in 
the Community since 1970. 
• Note:-Rcgulation 1641/71 which came into cercet on 1 October 1971 rcplaccJ the 
e:lrlier standards for apples and pears laid down in Regulations 23/62 Annex 11/3 and 
211/66 Annex lll. 
• 
2. QUALITY REQUIREMENTS 
CLASSES 
-- ------- ----------, ---:---;I'""U;---I 
Extra I I I U (when 
Minimum requirements for all classes 
The fruit must be: 
- whole 
applicable) 
----'--'-'----'-1 
- sound (subject to the special provisions for each class and the permitted 
tolerances) 
- clea" (in particular free from visible foreign matter) 
- free from excess external moisture 
- frce from any foreign smell or taste 
The fruit must be suiHciently mature and capable of withstanding the 
hazards of transport and handling without damage. 
Additional 
requirements 
Fruit in this class 
must; 
- be or superior 
quality 
- be typical "r the 
variety in: 
- shape 
- development 
- colouring 
- have stalks intact 
- be free rrom defects 
except ror very 
slight skin 
blemishes, 
provided that the 
quality of the fruit 
and the general 
appearance of the 
pal.:kage <.Ire not 
impaired. 
Gritty pears Ufe not 
permitted. 
Fruit in this class 
III ust: 
- be or good quality 
- possess 
characteristics 
typical or the 
variety. 
However, 
the following defects 
may be allowed: 
- slight derormation 
- marginally faulty 
development 
- small defects in 
colouring 
- slightly damaged 
stalk 
- the Granny Smith 
variety may be 
without stalk 
provided that the 
skin in the stalk 
cavity is 
undamaged. 
Fruit in these classes 
must retain 
characteristics typical 
of the varielY but 
may have defects of: 
- shape 
- uevelopmen! 
- colouring 
The stulk Illay be 
missing provided the 
skill is undamaged. 
\.luaUlY KequlremenlS-'·UIIII"UC:U 
CLASSES 
1--------,------------------.-
Extra 
Additional requirements-con tin lied 
The flesh must be 
free from any 
deterioration. but 
skill blemishes whieh 
do not impair the 
general appearance 
or keeping qualities 
are permitted ror 
each fruit within the 
rollowing limits: 
- elongated 
blemishes-
maximum length 
2cm 
other blemishes-
maximum area 
I sq. cm with the 
exception of 
speckles (e.g .• scab) 
whkh must not 
cover more than 
1 sq. cm. 
Gritty pears are not 
permitted. 
1-------------_· __ ·_----
II 
111 
(when 
applicable) 
The flesh must be free 
from major dcfcds 
but skin blemishes 
are allowed for each 
fruit within the 
following limits: 
- elongateu 
blemishes-
maximum length: 
4 cm I 6 Clll 
- olller blemishes--
maximum area: 
2·5 sq. cm I 5 sq. CIll 
with the exception 
of speckles (e.g .. 
scab) which must 
not cover more 
than: 
I sq. cm I 2·5 sq. Clll 
Colouring and russeling criteria for apples arc set out in 
Appendices I and 2 
N 
o 
o 
3. SIZE REQUIREMENTS 
CLASSES 
I I 11l I II (when . _____ . _____ L-_____ --' ___ -'-"'ap"-'p::.:li:::ca:::.bl=e) Extra 
Minimum permitted sizes 
Size is measured by Ihe diameter at Ihe widest part of Ihe fruit. The 
following arc Ihe minimum permitted sizes in,eacll class: 
APPLES 
Large fruiled 
varieties· 
Olhers 
PEARS 
Large fruiled 
varieties· 
Others 
65 mm 
60 mm 
600101 
55 mm 
Sile Uniformity 
600101 
55 mm 
55 mm 
50 mm 
55mm 
50 mm 
50 mm 
45 mm 
50 mm 
50 mm 
45 mm 
45 mm 
Fruit in anyone package must be packed to the following range limils: 
Apples (except Bramley's Seedling) and Pears: 
5 mm 
(must be packed in 
layers) 
5 mm when packed 
in layers 
10 mm when packed 
in bulk 
5 mm ! No limit 
when 
packed in 
layers. 
No limit 
when 
packed in 
bulk. 
Bramley's Seedling variely (to be reviewed at Ihe end of Ihe 1974/75 
season): 
5 mm 
(must be packed in 
layers) 
10 mm when packed 
in layers 
20 mm when packed 
in bulk 
• Large rrulted varieties. are hsted In Appendix 3 .. 
10 mm No limit 
when 
packed in 
layers. 
No limit 
when 
packed in 
bulk . 
4. QUALITY AND SIZE TOLERANCES 
CLASSES 
-------------_._---- .-.-.----... 
Extra 11 
-_._---_._ ... _._- --.-- .•...• ---
III 
(when 
applicable) 
In anyone package qualily and size tolerances arc allowed as r"lIoIVs: 
Quality 
5% by number or by 
weight of fruil nol 
meeling the require-
menls oflhe class bul 
meeting those of 
Class liar, in 
exceptional cases, 
those of fruil allowed 
wilhin Ihe loleranees 
of that class, 
10% by nllmber or by 
weighl of fruit not 
meeting the require-
menls oflhe class, but 
meeting those in 
Class 11 or, in 
exceptional cases, 
those of fruil 
allowed wilhin Ihe 
lolerances of that 
class. 
25 % by number or by 
weighl of frllil wilh-
oul slalks, provided 
Ihal Ihe skin in the 
stalk eavily has not 
delerioraled (except 
for Granny Smith 
where fruit withoul a 
slalk may be allowed 
without restriction, 
provided that Ihe skin 
in Ihe slalk eavily has 
. nol deleriorated). 
10/~ by numher or by 
weighl of fruil nol 
meeting the require-
ments orthe class nor 
the minimum require-
ments, cxduJing fruit 
visibly attacked by 
rot. heavily bruised 
fruit or fruit with 
unhealcd cracks. 
Within the above 
tolerance 2 % at most 
by number or by 
weight of fruilmuy: 
- have internal 
de feels by pesls (e.g .. 
codling, saw l1y. 
ele.). 
- serious presence of 
cork or vitreolls 
disease (billcr pil 
or watcr corc). 
- minor damage or 
unhealed cracks 
- a very slighl Irace of 
rot or decay. 
N 
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Quality and size tolerances-continued 
CLASSES 
Extra I 11 (when I 
III 
_______________ L-______________ l ______ -La~p~p~li~ca~b~le~) 
Size 
A size tolerance oC I mm above or below the range packed is allowed 
Cor any Cruit packaged to a 5 mm range provided that the deviation is 
due only to the normal use of machinery, alTects only a limited number 
oC Cruit in any package and is not likely to affect the overall appearance 
of the contents oC the package. 
Any package of Cruit graded by size may in addition to the above 
allowance contain 10 % by number or weight oC Cruit corresponding 
to the size immediately above or below the range packed, subject to a 
minimum size limit oC 5 mm below the permitted size Cor the class and 
variety. 
Fruit not graded by 
size may contain by 
number or weight of 
fruit below the 
permitted minimum 
size as follows: 
10% I 15% 
subject to a limit of 
5 mm below the 
permitted minimum 
size Cor the class and 
variety. 
5. PACKAGING AND PRESENTATION 
CLASSES 
--------------------------
Extra I 11 
III 
(when 
applic"ble) 
------------...:....------ -----~-------------- - ------
Uniformity 
The contents of each package must contain only fruit uniCorm in: 
- origin - origin 
- variety - variety 
- quality - quality 
- ripeness - ripeness 
- colouring 
- origin 
- variety 
- quality 
- ripeness 
need be 
uniform 
only in 
origin and 
variety 
but Ihe 
visible 
l'lllltcnl 
of a 
container 
must be 
rcprcs-
cnt:llivc 
orlhe 
whole. 
----------- ... -------~.---------.. ---~-.. -- - ... _--
Packaging 
Packaging must be such as to give t he produce adequale proleclion_ 
Any paper or other material used inside the package must he m'w, 
clean and harmless to human food. The use or paper, stamps or other 
malerial bearing lrade inCormalion is permilled prol'ided Ihal non-
toxic ink or glue is used. Packed conlainers musl be free from Iea"es. 
twigs or other extraneous maller. 
Fruit in this class 
must be packed in 
layers . 
....... .... ~ ... , 
N 
o 
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6. LABELLING 
Each package must bear the following particulars legibly and indelibly 
marked On the outside of the container on one side or end: 
A. Identification 
Packer and/or} N d Add 'd'f . k Dispatcher ame an cess or I enta ylng mar . 
B. Nature of produce 
- 'Apples' or 'Pears' (on closed packages) 
- Name of the variety, compulsory for I;:xtra Class and Class [, 
optional for Classes If and Ill. . 
(N.B.-Apples and pears presented in Classes Il and III without 
any indication of variety will be considered to be large 
fruited varieties). 
C. Origin of produce 
-District of origin or national, regional or local trade name (e.g., 
British, English, Kent, East Anglian). 
D. Commercial specifications 
- Class 
- Size, or for fruit packed in layers, number of apples or pears. 
The size shall be shown: 
a. For fruit graded by size, by specifying the largest and 
smallest diameters of the fruit in the package; 
b. For fruit not graded by size, by specifying the diameter 
of the smallest fruit in the package followed by the 
diameter of the largest fruit in the package or by the 
words 'and + '. 
The information required as to marking may be given by means of: 
i. A label firmly fixed to the container; 
ii. An ink stamp or printing 011 to the container; or 
iii. A combination of the above methods. 
Suggested forms of label with dimensions are shown in Appendix 4. 
Marking for retail sale 
Atthe retail stage, where the produce is presented in its original packaging. 
the label must be clearly displayed. Where the produce is presented in 
any other way the rctailer must display with the goods as onered for sale a 
dumble label or display card(s) giving the following information: 
- variety (for Extra Class and Class I) 
- the origin of the produce 
- the quality class. 
l 
I 
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7; EXEMPTIONS 
The following transactions arc exempt from the grading and labelling 
requirements: 
I. Sales or deliveries by growers, or from growers' holdings, to 
packers or to storage; and deliveries from storage to packers. 
2. Offers and sales by growers on minor local markets and deliveries 
from such markets to packing stations or storage, within the same 
area. However, on secondary sale or sale by retail other than sales 
on growers' holdings as below, the produce must be properly 
graded and labelled. 
3. Sales to manufacturers for processing. 
4. Sales on growers' holdings to conSumers for their personal use. 
8. EXPORTS 
Only apples and pears meeting the requirements of Classes Extra, I or II 
may be exported oUlside the Community. 
These must be accompanied by a certificate -indicating that the prouuce 
complies with the appropriate standard. Certificates arc issued in England 
and Wales by the Horticultural Marketing Ins,pectoratc of the Ministry 
of Agriculture, Fisheries and Food, in Scotland by the Department of 
Agriculture and Fisheries for Scotland and in Northern [reland by Ihe 
Ministry of Agriculture for Northern Ireland. 
Consignments of apples and pears sent to other Member Slates must also 
in most cases be accompanied by a certificate issued by the Agricultural 
Departments as shown above. 
Exporters can obtain full information and application forms frolll Ihe 
Horticultural Marketing Inspectorate at their nearest regional ollice of 
the Ministry of Agriculture, Fisheries and Food, or from the Department 
of Agriculture and Fisheries for Scotland or the Ministry of Agriculture for 
Northern Ireland. Full details of the consignment and its destination will 
be required, and exporters should normally give at least three clear 
working days' notice, so that arrangements for inspection can be made. 
A list of addresses of Regional Horticultural Marketing Inspectors in 
England and Wales is shown in Appendix 5 .. 
The three Agriculturul Departments also armnge for the isslIe of the 
neces!:lary cerlillcates of health which may be required by overseas govern-
ments to accompany consignments exported. Particulars and advice 
about overseas countries' plant health regulations may be obtained from 
the Plant Health Branch of the Ministry of Agriculture, Fisheries and 
Food, Great Westminster House, Horseferry Road, London SWII' 2AE, 
the 'Oepafi1'rieht of Agriculture and Fisheries for Scotland, Chesscr HOllse, 
500 Gorgie Road, Edinburgll EH II 3AW or the Ministry of Agriculture 
for Northern Ireland, Dundonald House, Stormont, Belfast BT4 3S11. 
N 
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65 mm = 2.,0.· in. 
60 mm = 21 in. 
55 mm = 2A in. 
50 mm = I U in. 
45 mm = I~ in. 
40 mm = I &. in. 
35 mm = I1 in. 
30 mm == I i~;, in. 
25 mm = I in. 
10. nEFEnENCES 
20 mm = U in. 
10 mm = ! in. 
5 mm = 13~ in. 
I mm = :l2 in. 
5 sq cm = I sq in. 
2'5 sq cm = i sq in. 
I sq cm = 1 sq in. 
I sq cm = 3'. sq in.· 
As indicated in Section 1 the apples and pears standards are laid down in 
EEC negulation 1641/71. 
Iteguialiolls dealing with the general application of quality standards arc as 
follows: 
R80/63 (quality control of imports into the Community) 
R93/67 (quality control within the Community) 
R2638/69 (quality control within the Community) 
• R496/10 (quality control of exports) 
R 1035/72 (comlllon organization of the market in fruit and vegetables). 
Pre-accession translations of these regulations from which most of the 
information in this leanet is taken were published by HMSO in Part 28 of 
EEC Secondary Legislation. Official authentic texts have been published 
in the Special Editions (English) of the Official Journal of the European 
Comlllunities obtainable from HMSO. 
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APPLES: COLOURING CRITERIA 
Varieties of apples are classified in four groups A to D according to their 
colouring:ls follows: - I 
i 
CLASSES 
GROUP 
Extra I Il and III 
Group A-Red Varieties: at least ~ of at least! of at least 1 of 
Black Ben Davis surface of sllrface of surface of 
Democrat fruit must fruit must fruit must 
King David be red. be red. be red. 
Red Delicious 
Red Rome , 
Red Stayman (Staymanred) 
Red York 
Richared and Mutations 
Stark Delicious 
Starking Winesap (Winter 
Winesap) 
Spartan 
Rose of Berne 
Cherry Cox 
Reinette etoilee 
Group B-Varieties of at least! of at least! of a t leas t .1> 
mixed red colouring (bright surface of surface of of surface 
colouring of the red part): fruit must fruit must of fruit 
Belfort (Pella) be red. be red. mllst be red. 
Red Boskoop 
Cortland 
Delicious 
I ngrid M arie 
Jonathan 
McIntosh 
Morgenduft (Rome 
Beauty) 
Stayman Winesap 
Tydeman's Early 
Wealthy 
York 
GROUP 
-. 
(Group B-conlinued) 
Red Gravenstein 
Red James Grieve 
(Rosamund) 
Ontario 
French Rambour 
Wagener 
Worcester Pearmain 
Group C-Striped varieties, 
slightly coloured: 
Cox's Orange Pippin 
Imperatore (Emperor 
Alexander) 
Reine des Reinettes (King 
of the pippins) 
Rose de Caldaro 
(Kalterer) 
Laxton's Superb 
Stark's Earliest 
BerJepsch 
Commercio 
Ellison's Orange 
Oldenburg 
Pomme raisin 
Abbondanza 
--
Group D-Other varieties 
" .. " ............ .. 
, 
Extra 
at least! of 
surface of 
fruit 
streaked 
with red. 
no 
provision. 
CLASSES _ 
I 
at least ,'0 
of surface 
of fruit 
streaked 
with red. 
no 
provision. 
I 
---
11 and III 
1---
I 
no 
provision. 
I no provision. 
I 
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APPLES: RUSSETlNG CRITERIA 
J. Russeting is not considered to be a defect in the following varieties of 
apple in which it is a characteristic of the variety so long as the extent of 
the russeting is typical of the variety: 
Boskoop group Grey Reinette 
Cox's Orange group Golden Russet (Egremont Russet) 
Ingrid Marie Yellow Newtown (Albennarie Pippin) 
Laxt"n's Superb Sturmer Pippin 
Canadian Reinette Dunn's Seedling . 
2. For varieties other than those listed above. russeting is permitted 
within the following limits: 
CLASSES 
--_._. 
, 
Tolerance of 
Extra t It and ltl Classes II and 1I I 
---_._---
1. Urol'1l patches 
- not outside the - extending a - extending - fruit not 
stalk cavity; little way beyond the detracting from 
beyond the stalk or eye the appearance 
I stalk or eye cavities; and condition I cavities;. of the package. 
- not rough.. I - not rough. - slightly 
I wrinkled. 
11. Uussctting 
Maximum permitted on the surface of the fruit: 
(3) Fine net-like (not contrasting strongly with the general colouring of the fruit) 
.- slight and isolated ! ! - fruit not 
traces of russeting seriously 
not altering the harmed in 
general appearance appearance or 
of the individual likely to affect 
fruit or of the the overall 
contents of the appearance of 
package as a whole. the package. 
(b) Dense 
- none. I •• I ! I - as for (a). 
(c) C(.)mbined allowance-Fine net·likc russeting and dense russcting togelher 
must not exceed: 
- slight and isolated , ! ! - as for (a). 
tr:ICCS of fine 
nct-like russcting 
ao;; for (a). 
APPENDIX 3 
APPLES AND PEARS: LARGE HWITED VARIETIES' 
I. Apples 
Belle de Boskoop and mutations 
llIenheim 
Bramley's Seedling (IJramley. Triomphc de Kicl) 
Charles Ross 
Crimson Bramley 
Ellison's Orange (Ellison) 
Golden Delicious 
Jumcs Grieve and mutations 
Lanc's Prince Albert 
Melrose 
Red Delicious and mutations 
Tydeman's Early 
Altliinder 
Bismarck 
Black Ben Davis 
llIack Stayman 
Breltacher 
Calville Group 
Cox pomona 
Democrat 
Double Bellefleur 
Finkenwerder 
Frencll Reinette 
Gelber Edcl 
Glory of Holland 
Graham (Graham Royal Jubile) 
Grand Duke Frederick of Baden 
Gravenstein (Gravensteiner) 
Horneburger 
Imperatore (Emperor Alexander) 
Jacob Fisher 
Jacques Lebcl (Lebcl. Jacob Lebcl) 
Konigin (The Queen) 
Lemon Pippin 
Luxemburg Triumph 
Morgenduft (Rome Beauty) 
Mus~.ll.(f);llij~l, 
---'-. _.- -----_. 
• Apples and pears presented in Class 11 without any illllication as to thclr \·arid}' 
shall ulso be considered 10 fall unuer lhis heading. 
N 
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(APPENDIX 3-colllilllled) 
Notarapfel (Notaris, Notarisappel) 
Ontario 
Orlean, Reinette 
Pater v.d. EI,en 
Reinette blanche et Reinette grise du Canada (Kanada Renette, Renetta 
del Canada, Reinette van Canada) 
Reinette de Land,berg (Landsberger, Landsberger Reinette) 
. Signe Tillisch 
Sour Gamerse 
Stark Crimson (Starkrimson) 
Staymanred 
Stayman Winesap 
Transparente de Croncels (Croncels) 
Winter Banana (Winter Dananenapfel) 
Winter Rambour 
Zabergiiu 
Zigeuncrin 
2. Pears 
Deurre Hardy, Hardy Dutter-pear (Gcllerts, Dutirra Hardy) 
Catillac (Pondspeer, Ronde Gratio, Grand Monarque, Chartreuse) 
Doyenne du Comice (Vereinsdechant, Decana del Comizio) 
Marguerite Marillat (Margherita Marillat) 
Pack ham's Triumph (William d'Automne) 
Passe Crassane (Passa Crassana) 
William', Duchess (Pitmaston) 
Abbot Fetel (Abbe Fetel, Abato Fetel) 
Alexander Lucas Butter-pear 
Clairgeau Butter-pear (Beurre Clairgeau, C1airgeaus Dutterbirne, Dutirra 
C1airgeau) 
Congress (Souvenir du Congres, Kongress) 
Diel Butter-pear (Beurre Diel, Diels Butterbirne, Dutirra Diel) 
Doyenne d'hiver (Deeana d'inverno) 
Duchess of Angoulcme (Duchesse d'Angoulcme, Herzogin von Angoulcme, 
Duchessa d'Angoulcme) 
Emperor Alexander (Empereur Alexandre, Deurre Bosc, Beurre 
d'Apremont, Imperatore Alessandro, Calebasse Bosc, Kaiser Alexander, 
Bose) 
Jeanne d'Arc 
Lebrun Butter-pcar (Ileurre Lebrun, Butirr. Lcbrun) 
Triomphe de Viennc (Triumph von Vienne, Trionro di Vienna) 
Vicar of Winklield (Cun'. Curato, Pastoren) 
I 
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SUGGESTED FORMS OF LABEL 
Packers may well find it possible to adapt their existing· labels to comply 
with the marking requirements for applcs and pears (sce Scction 6). When 
labels are being reprinted the following forms are suggestcd: 
(a) { 
Name and address of packer and/or 
dispatcher (or identifying mark) 
Origin: (Country or Region) 
Nature of produce (i,e" apples or pears) 
where contents not clearly visible 
Variety, or commercial type 
Class Size, count or 
other details as 
necessary 
1+-,-55 mm--I--35 mm--I 
OR 
t 
I 
25 Illm 
I 
I 
1 
35 mm 
l 
t 
I 
35 mill 
I 
I 
1--50 mm--I_--50 mm---j-30 111111-":- 30mm -~I 
Name and Nature of produce Class Size. count 
address of (i.e., apples or or other 
packer and/or pears): where details as 
dispatcher (or contents not necessary 
identifying mark) clearly visible 
Origin: (Country Variety, or 
or Region) commercial type 
'---~v~---' 
(a) 
All entries should be clear. 
t 
I 
50 
I 
I 
The class should be in Roman figures not less than 7 mill in height. 
Otlte)" lem!l"s"should be not less than 3 mm in height. 
111111 
The section (a) may be divorced from but should be adjacent to the 
remainder. 
, . 
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APPENDIX III - SKETCH·PLANS OF GRADING LINES STUDIED IN THE PROJECT 
All the plans are drawn to the same scale; lcm:lmetre. The 
approximate positions of examiners are also indicated. These sketch 
plans refer to the layout that existed on those days when the study was 
undertaken. Positions of examiners are indicated by the " r' 
symbol. 
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Sketch plan of Packhouse I 
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Sketch plan of Packhouse 2 
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Sketch plan of Packhouse 3 
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Sketch plan of Packhouse 4 
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Sketch plan of Packhouse 6 
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Sketch plan of Packhouse 7 
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Sketch plan of Packhouse 8 
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APPENDIX IV - TRAINING PROGRAMME MATERIALS 
A. Photographic Materials 
These were mounted on card and used in packs of varying 
difficulty. Defects portrayed concentrated upon the major defect 
groupings of bruising, blemishing, colour, shape and 'others'. 
B. Literature Handout - Summary Sheet 
Providing a brief, easy-to-read introduction to the standards 
relating to the examining task and used to augment the 
photographic materials. 
C. Size Discrimination Cards 
Black circles centred on white card presented subjects with a 
discrimination task in identifying different sized circles with 
increasing difficulty. This section was not used after the 
initial two trials due to the time involved in its 
administration. 
D. Grading Template 
Manufactured from perspex, the template was designed to provide 
examiners with an easy-to-use method of re calibration for blemish 
sizing. 
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A. PHOTOGRAPHIC MATERIALS 
CLASS ONE 
Bruise 
Blemish 
CLASS TWO 
Bruise 
Blemish 
CLASS TWO 
Colour 
Stalk 
, 
REJECT 
Bruise 
Insect 
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B. LITERATURE HANDOUT - SUMMARY SHEET 
1. BLEMISHES 
a) BRUISES 
b) TREE RUBS 
c) CRACKS 
APPLE CHARACTERISTICS REQUIRING 
GRADING ATTENTION 
d) CUTS AND PUNCTURES 
e) INSECT DAMAGE 
2. COLOUR 
3. SHAPE 
4. RUSSETING 
5. STALK 
221 
GRADE I COX APPLES 
YES 
UNDISCOLOURED 
BRUISE SMALLER 
THAN: 12 mm 
(INCLUDING OTHER SKIN BLEMISHES) 
SKIN BLEMISHES LESS 
THAN 2 cm LONG 2 cm 
SMALL, SHALLOW (6 cm) 
CRACKS NEAR STALK OR BASE 
SMOOTH RUSSETING 
UNDAMAGED STALK 
10% OF SURFACE DISTINCTLY 
STREAKED RED 
TYPICAL APPLE SHAPE 
NO. 
DISCOLOURED BRUISES 
PUNCTURES OR CUTS 
CRACKS ON APPLE CHEEK 
MISSING STALKS 
UNTYPICAL, INDISTINCT 
COLOUR 
LARGE KING-SHAPES 
222 
GRADE 11 COX APPLES 
YES 
DISCOLOURED BRUISING AND SKIN 
BLEMISHING SMALLER 
THAN 
18 mm 
SKIN BLEMISHES 
LESS THAN 4 cm LONG 4 cm 
DRY CUTS, CRACKS AND PUNCTURES 
UP TO 12 mm IN LENGTH 
12 cm 
SMOOTH RUSSET, 
SURFACE MAY BE ROUGH 
MISSING STALK 
KING APPLES ALLOWED 
NO 
PROGRESSIVE, WATERY DAMAGE 
NOT MORE THAN ONE CUT, CRACK, 
PUNCTURE ON APPLE CHEEK UP 
TO 6 mm LONG 
6mm 
DRY, TORN FLESH AT STALK LARGER 
THAN 3 mm DIAMETER 
COLOUR REQUIREMENT FOR GRADE 11 
223 
C. SIZE DISCRIMINATION CARDS 
224 
SS I Blemish area 
225 
S I + 15% area 
226 
S I + 35% area 
227 
S I + 75% area 
S 11 Blemish area 
, . 
t 
I 
229 
s 1I + 15% area 
r 
! 
I 
230 
s II + 35% area 
{" 
t 
I 
231 
,ss 11 + 75% area 
r" 
r 
I 
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D. Grading Templates 
.... ·~-40mm--· 
I II HI 
t Cf Q 20mm 
• 5.6mm B.9mm 
12.6mm . 
.... ·~---60mm------~·~ 
233 
APPENDIX V - PENALTY POINTS MATRICES 
SPECIMEN GRID 
Subject : 
BODY : MAFF 
EXPERIENCE: 6 YEARS 
OOTG01NG 
I II R 
I - 10 20 (a) 
10 - 10 
(c) (b) INCOMING II 
20 15 -
(e) (d) R 
Notes: Using the baseline of 10 penalty points for an apple graded Class 
11 ~hen it is in fact Class I, this subject considered a Class I 
apple graded incorrectly as Reject as twice as bad at 20 penalty 
points (a); a Class 11 apple as I scored 10 penalty points (c), 
a Class 11 as reject 10 penalty points (b) and so on. 
Incoming 
Apples 
Incaning 
Apples 
APPENDIX. 
Evaluation of the relative penalties incurred through the upgrading and downgrading of apples 
(I) PERFECT GRADING 
Ou tgoing Apples 
Class I Class II Reject Total 
Class I 100 - -
Class II - 80 -
Reject - - 20 
Total lOO 80 10 
H(ln) = 1.36 T = 1.36 %CA = 100.0 
(3) INCONSISTENT, BUT REASONABLE 
Outgoing Apples 
lOO 
80 
20 
200 
Class I Class 11 Reject Total 
Class I 
Class II 
Reject 
Total 
70 20 
10 60 
- 5 
80 85 
T = 0.41 %CA = 72.5 
Equiv = 0.95 
Noise = 1.08 
10 100 
10 80 
IS 20 
35 200 
Incoming 
Apples 
(2) CONSISTENT, BUT WRONG 
Ou tgoing Apples 
Class I Class 11 Reject Total 
Class I - lOO - lOO 
Class 11 80 - - 80 
Reject - - 20 20 
Total 80 lOO 20 200 
T = 1.36 %CA = 10.0 
APPENDIX 
Incoming 
Apples 
cont. 
(4) EXAMINER A 
Class I 
Class I! 
Reject 
Total 
Outgoing Apples 
Class I Class 11 Reject Total 
80 20 
32 47 
1 1 1 
113 78 
T = 0.29 %CA = 67.5 
Equiv = 1.07 
Noise = 0.91 
- 100 
1 80 
. , 
8 20 
9 200 
Incoming 
Apples 
(5) EXAMINER B 
Class I 
Class I! 
Reject 
Total 
Ou tgoing Apples 
Class I Class 11 Reject Total 
81 19 
29 51 
7 3 
1 17 73 
T = 0.33 % CA = 72 
Equiv = 1.03 
Noise = 0.87 
- 100 
- 80 
10 20 
10 200 
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APPENDIX VI EXAMINERS COMMENTS UPON TRAINING SCHEME (CHAPTER 2) 
QUESTIONED PRIOR TO TRAINING 
1. HOW WOULD YOU DESCRIBE YOUR UNDERSTANDING OF THE QUALITY STANDARDS 
AS THEY APPLY TO APPLES? 
NONE POOR ADEQUATE VERY GOOD 
SUBJECTS 1;""6 2,4,9 3,5,7,8,10 
QUESTIONED FOLLOWING TRAINING 
~ POOR 
SUBJECTS 
ADEQUATE 
1,2,3,4, 
5,6,8 
VERY GOOD 
7,9,10 
2. HAS TRAINING FAVOURABLY AFFECTED YOUR PERFORMANCE AT GRADING 
APPLES 'ON-LINE'? 
SUBJECTS 
"YES" 
1,2,3,4, 
5,6,9,10 
"NO" . 
8 
"DEPENDS ON THROUGHPUT 
RATE" 
7 
3. HOW FREQUENTLY WOULD YOU REQUIRE A SHORT 'REMINDER' SESSION? 
SUBJECTS 
WEEKLY FORTNIGHTLY MONTHLY 
1,5,10,13 2,6,7,8,9,12, 
14,15,16,17 
3,4,11,18 
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'APPENDIX VII - TRAINING PROGRAMME FOR APPLE EXAMINERS 
It is assumed in the following that training will occur at 
individual packhouses, and will be of one half-day in duration. It is 
understood that the Agricultural Training Board is in the process of 
producing training documents for this purpose, and therefore the 
comments below are general rather than specific. 
PREPARATION 
1. Set aside a relatively quiet, well-lit room; the more light the 
better. The room-should have a large table, chairs and a power supply 
for a slide projector. If the room has windows, there should be 
curtains or blinds to darken the room from time to time. 
2. The following list of material is also required: 
(i) 
(ii) 
(11i) 
(iv) 
(v) 
(vi) 
(vii) 
(ix) 
(x) 
(xi) 
(xii) 
A 'test' set of 50 apples (see below) 
An 'example' set of 50 apples 
Two training packs of 50 photographs each 
50 slides of flawed apples 
A slide projector and screen 
A plastic grading template (item C) 
A Standard Summary sheet (item D) 
Spirit-based felt tip pens 
Writing paper and pens 
Polystyrene cell-pack trays 
An example sheet 'showing the costs of poor grading. 
3. Fifty apples should be selected to form the 'test' set and should 
represent the broad range of defective apples present in bins (e.g. 
bruises, blemishes, poor colour, bad shape, cracking, etc.) in roughly 
equal proportions. For each type of defect there should be a range of 
apples from Class I to Reject. If possible, each apple should have 
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only one type of defect on it. This means that they MUST be handled 
carefully, and at all times should be stored on polystyrene cell-pack 
trays. 
4. A second sample of 50 apples should be selected, as similar to the 
above as possible, to act as the 'example' set. 
5. Using a spirit-based pen, number each apple. On a separate sheet 
of paper record the apple number and its associated flaws and defects. 
6. The photograph training packs are described in Section 6.4.1. in 
the main report. 
ADMINISTRATION 
6. The training programme should be restricted to groups of not more 
than 5 trainees. Do not mix new recruits with regular personnel; the 
latter may have to 'unlearn' bad habits, and this can introduce 
confusion. 
7. The programme that follows is divided into four phases; firstly an 
introduction to explain the need for training, secondly a pre-test to 
show trainees that they do actually need training and to provide a 
baseline to assess the effectiveness of training, thirdly a training 
programme, and lastly a post-test. 
Introduction 
8. The trainer should: 
(i) set trainees at ease, round the table 
(ii) explain the importance of maintaining high standards of 
grading, using example sheets 
(iii) explain the training programme. 
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Pre-test 
9. Each trainee should be sat individually in front of the trays of 
test apples, and on the basis of knowledge/experience/intuition, grade 
the apples into Class I, Class II, or Reject, for comparison with the 
post-test. The trainees should be told how many misclassifications 
each made. 
Training 
10. Each trainee should be given a plastic grading template (item C) 
and a summary of the EEC quality standards (item D). 
11. The trainer should explain the major categories of defects using 
the slides. The trainees should be encouraged at all times to ask 
questions if they have any doubts. 
12. Using apples from the 'example' set the trainer should illustrate 
the categories of defects, and conduct mini-tests using 5 apples at a 
time, to ensure that the trainees understand the categories. Standard 
terms such as "kings", "progressive bruises", etc. should also be 
introduced. 
13. Having established recognition and identification of common flaws, 
the criteria for each category of flaw should now be explained using 
for example item D. This should start with the criteria for Class I, 
for all categories. Once the trainees have understood these, the 
criteria for Class II can be introduced. For each class, after each 
category has been introduced and learnt, trainees should be asked to 
rehearse previous categories with apples from the 'example' set. 
14. To help the learning of size discrimination (particularly for 
bruises) trainees should be encouraged to use the size template on 
apples to develop a mental template of the limits permitted for each 
class. Mini-tests without the template should be carried out 
frequently, to assist in this. 
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15. Once the trainees have grasped both the categories and the 
criteria within each class, their knowledge should be polished using 
the training photograph packs. The trainees should be seated around 
one table, with the trainer. The trainer should display each card in 
turn to the trainees, with each trainee making a decision about the 
grade. The trainer should then state the grade, and explain why, using 
the information on the back of the card. For the first pack the 
trainer should take a dominant role, encouraging the more reticent 
trainees, and identifying misinterpretations and uncertainties among 
the trainees. 
16. For the second pack, the trainer should be more passive, 
encouraging the trainees to discuss the grading among themselves, 
intervening only when the grading is going wrong, or differences 
clearly emerge. Where a trainee shows a poor knowledge of a particular 
feature or grade, the trainer must repeat the relevant standard and 
re test the trainee at a later opportunity. 
17. The trainees should then be given the 'example' set to work 
through, with the trainer again in a passive role. Discussion among 
the trainees should be encouraged, to help in the transfer of their 
knowledge from the photographs to real fruit. 
18. A summary discussion should now be held as a last attempt to 
clarify any uncertainties or misunderstandings. 
Post-test 
19. The 'test' set of 50 apples should now be given to each trainee, 
in the same manner as for the pre-test. A criterion for satisfactory 
knowledge is 37 correct grading decisions. Trainees unable to reach 
this standard should not be used as examiners. Each trainee should be 
informed of the improvement shown since the pre-test. 
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Further training 
20. The training given above is intended only to instill a knowledge 
of the EEC standards, not to turn trainees into proficient examiners. 
For the latter, the trainees will need considerable practice on the 
grading line, to speed up the rate at which they can make decisions. 
During this stage, it is very easy for the trainees to 'slip', altering 
their criteria to make the decisions simpler and therefore quicker. To 
prevent this happening it is imperative that the trainees be given 
tests at weekly intervals. These should be the same as the pre- and 
post-tests. If there are signs of slippage in the trainee's criteria, 
the trainee should be required to work through the training pack 
photographs again, until the correct criteria are re-established. 
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APPENDIX VIII - GRAPH PLOTS OF SELECTION TESTS 
1) BELLAMAY'S VISUAL LOBE SIZE TEST. 
2) PHOTOGRAPHIC CARD TEST (UNPACED). 
3) PHOTOGRAPHIC CARD TEST (PACED). 
4) AGE. 
5) EXPERIENCE. 
% CORRECT 80 
)NLINE 
7 
6 
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ONLINE PERFORMANCE OF CURRENT EXPERIENCED EXAMINERS AGAINST PERFORMANCE 
ON BELLAMY VISUAL LOBE SEARCH CARDS. 
CORRELATION = -0.22 
" )I 
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,. 
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50 
40 
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ONLINE PERFORMANCE OF CURRENT EXPERIENCED EXAMINERS AGAINST 
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ONLINE PERFORMANCE OF CURRENT EXPERIENCED EXAMINERS AGAINST 
AGE. CORRELATION = -0.42 
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APPENDIX IX - SINGLE FAULT TEST FOR SELECTING EXAMINERS 
The role of this test is discussed in Chapter VII. In what 
follows, the person who administers the test is called the 
administrator, and the person undertaking the test is called the 
subject. 
PREPARATION 
1. The test should be administered on the grading line itself. This 
requires that the test be administered outside normal working hours. 
2. 50 apples should be selected to form the test. Each apple should 
have only one class of defect on it (e.g. bruise, or poor colouring), 
and only one example of that class. To ensure that this is so, the 
administrator should have been calibrated using a suitable procedure 
such as that in Appendix 2.1. The flaws on the apples for each class 
of defect should range from flaws that are acceptable in Class I to 
flaws that constitute Rejects. Borderline flaws should be omitted. If 
possible, some flawless apples should be included. 
3. Using a spirit-based, felt-tip pen, the administrator should mark 
and map each apple and flaw. This means that each apple should be 
numbered, and the class and type of flaw should be recorded on a 
separate sheet of paper. For flaws that are difficult to see, it may 
be necessary to describe the location of the flaw from the mark by 
using compass bearings. From this point on, the apples should be 
handled with great care to avoid any further bruising. Cell-pack 
dividers are useful for this. 
4. A second sample should be obtained, and also numbered. This set 
is the 'carrier' set, to be presented to the subject as a lead-in set 
prior to the test set above. 
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5. A separate sample of 20 apples should be obtained, as an example 
set to demonstrate to the subject. If a set of apple photographs are 
available from the training pack, these could also be used. 
6. For the purposes of the test, the grading line should be adjusted 
so that a single line of apples will pass the examiner at a rate of 30 
apples per minute. 
PRACTICE FOR THE SUBJECT 
7. The subject should be given a short introduction to the main 
classes of defects; bruising, shape, and colouring. The subject should 
be shown examples of these on real fruit. This should last long enough 
for the subject to understand the requirements. To check that this is 
so, the subject should be given 10 apples, and asked to show the 
administrator the flaws on the apple. The introduction should continue 
until the subject can identify all the main classes of defect present. 
This should take about 15 minutes. 
8. The subject should then be given some practice on the grading 
line, using the carrier set. These should be placed upstream of the 
grading table, in a single line. They should then be sent past the 
subject, who should carry out the grading operation. The carrier set 
should be sent past the subject two or three times, to give the subject 
some practice in moving the apples to the right lanes, and to overcome 
the novelty of the surroundings. Encouragement is very helpful in 
this. 
THE TEST 
9. When the subject seems at ease, the test should begin. The 
subject should be informed of this. The carrier set should be arranged 
in a single line first, immediately followed by the test set, so that 
the apples appear to be in a single, continuous line. The apples 
should then be sent past the subject once. The carrier set may be 
removed, but the grade given to each marked apple in the test set 
should be recorded, to be compared with the map. 
~9 
10. If the subject has correctly graded 28 or more of the apples, the 
subject has passed (note that this limit may be changed as a result of 
further work). If the subject has narrowly failed, it may be worth 
checking some of the wrong gradings for any extra flaws that may have 
appeared, or for misrecorded data. 
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APPENDIX X EXAMINERS' COMMENTS UPON ALTERNATIVE GRADING STRATEGY 
EXPERIMENT (CHAPTER 4) 
1. DURING THE RECENT EXPERIMENTAL WORK YOU ENCOUNTEnED THREE 'SPEEDS' 
OF APPLE THROUGHPUT - 60 APPLES PER MINUTE, 120 APPLES PER MINUTE 
AND 180 APPLES PER MINUTE. WOULD YOU EXPRESS A PREFERENCE FOR ANY 
PARTICULAR THROUGHPUT? 
60 120 180 
SUBJECT 
1 SLOW OK 
2 SLOW OK 
3 SLOW OK FAST 
4 FAST 
5 FINE FAST 
2. WOULD YOU EXPRESS A PREFERENCE FOR THE NUMBER OF PEOPLE 
EXAMINING APPLES AT ANY ONE TIME DURING THE TRIALS? 
2 3 (NUMBER DEPLOYED) 
SUBJECT 
V 
2 v -' 
3 
.,/ 
4 ,/ 
5 v 
3. WOULD YOU EXPRESS A PREFERENCE FOR CONTINUOUS OR STATIONARY 
GRADING 
SUBJECT 
2 
3 
4 
5 
CONTINUOUS STATIONARY 
~1 
APPENDIX XI - COST OF TRAINING EXAMINERS 
Throughput of apples per examiner per 8-hour day = 28800, 
Marginal cost of training examiners = 
(1.0/(1.0 - (AVTR x 2) x PAY)/THRUPUT 
where AVTR = average training time per day 
= 4800 kg 
= «25 weeks x 15 mins) + (1 week x 8 hrs»/(26 weeks x 
5 days) 
= «25 x .25) + (1 x 8»/(26 x 5 x 8) 
= 0.014 hrs. 
PAY = average daily rate of pay excluding overheads 
= £20.00 
THRUPUT = daily throughput per examiner 
= 4800 kg. 
= (1.0/(1.0 - (0.014 x 2» x 20.00)/4800 
= 0.043 p per kg. 
. / 
I 
. I 
I 
I 
I 
I 
I 
I 
I 
I 
